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The 1985 Conference on the Dynamics of Molecular Collisions was held

at Snowbird, Utah on July 14-19, 1985. It was attended by 280 scientists,

and there were 25 plenary lectures and 180 poster papers. The conference

organizers were D. G. Truhlar, chairman, and P. J. Dagdigian, vice chairman.

In this report we highlight a selected subset of the research discussed

at the conference. For invited speakers affiliations are indicated in

parentheses.

As reviewed by J. Valentini (University of California, Irvine), there is

increasing interest in reactive scattering studies with initial or final

state selection. Examples of the former include studies of the reactions

Ca+HF(v=l), Ca( 2 PO)+Cl2 , and Xe(3Po 2 )+IBr. In the first, vibrationally

excited HF was prepared by Zare and coworkers by irradiation of HF with

an optical parametric oscillator; such a tunable infrared source is much more

versatile than the line tunable chemical lasers previously employed in such

studies and allowed investigation of the dependence of reactivity upon

rotational state. Optical pumping state selection with a cw dye laser was

utilized by Dagdigian and coworkers in the reaction of metastable calcium

for the study of reactions of individual spin-orbit states; significant

differences in reactivity were observed in spite of the small energy dif-

ferences between the levels. Martin and collaborators prepared aligned

IBr reactants by taking advantage of the dependence of the photodissociation

cross section on alignment angle.

Several examples were also given which illustrate the level of detail

presently attainable for product state distributions. State distributions of

HD produced by the H+D 2 reaction, which is of fundamental interest in

chemical kinetics, have been measured by coherent anti-Stokes Raman scattering

(CARS) by Gerrity and Valentini and by multi-photon ionization (MPI) by Zare

and coworkers. Their results are in reasonable agreement with each other

7 ...................... . . . . . - . . - . . . . . . . .
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and with a quasiclassical trajectory study by Blais and Truhlar. The CARS

and MPI detection techniques are complementary in that MPI has high sensitivity

but difficulties with respect to calibration, while CARS is generally much

less sensitive, but it is more straightforward (although tedious) to reduce

a CARS signal to populations.

A high-resolution crossed beam experiment in the laboratory of Lee on

the F+H 2 reaction has re~ealed drastically different angular distributions

in the product HF as a function of vibrational state. This has been

attributed to resonances in the reactive scattering process; this is the

first time such features have been identified experimentally.

J. Beauchamp (Caltech) showed results indicating that the reactions

of transition metal ions with hydrocarbons exhibit a wide range of reacti-

vity. The differing reaction pathways, e.g. C-H vs. C-C bond cleavage,

can be correlated with the electronic configuration of the ion. J. J. Sloan

(National Research Council of Canada, Ottawa) described the implementation

of time-resolved Fourier transform infrared emission spectroscopy for the

measurement of product vibrational distributions. This method is most

conveniently employed in conjunction with photolytic preparation of a reactant.

An example of the utility of this technique was given by the O(D) +H 2

reaction, for which it was possible to observe OH products in the v=l to

4 vibrational levels. By contrast, laser fluorescence detection, while more

sensitive, is limited by predissociation essentially to the v=O and I levels.

W. H. Miller (University of California, Berkeley) presented an overview

of the theory of reactive scattering. He pointed out that 28 of the 52 theoretical

posters on reactive scattering were based on classical trajectories, which

he characterized (in a favorable way) as "mindless". Considerable informal

discussion during the rest of the meeting confirmed that indeed "mindless" theory

is what we all want, provided it explains experimental results "properly".

...... ..... . ........................... •. -,-•q ,•.'......•. ".
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Unfortunately, as also pointed out by Miller, trajectory studies do not fill

the bill for many problems since they do not explain, e.g., resonance structure

in the energy dependence of cross sections or other interference effects in

product distributions, or threshold behavior of cross sections or tunneling.

Miller emphasized recent progress in using the multichannel distorted wave

approximation to calculate reaction cross sections in threshold regions, he

reviewed the reasons why reactive scattering formalisms based on exchange

kernels are very promising for supercomputer calculations, and he presented

a tentative new quantal transition state theory, based on integrating a

flux-flux time correlation function up to its first zero.

G. C. Schatz (Northwestern University) presented new quantal scattering

results for several reactijns, indicating that, thanks in part to the super-

computer revolution, the long dry spell in producing converged reactive

cross sections for systems other than H+H 2 has now ended. John Murrell

(University of Sussex) reviewed aspects of the many-body expansion for

representing potential energy functions. A particularly appealing feature

is the use of the integrity basis for generating fitting functions.

R. J. Gordon (Univeristy of Illinios, Chicago) reviewed recent experimental

progress in a number of areas of energy transfer research. Quite a few studies,

including recent work of Weitz and coworkers, indicate that it is often possible

to extrapolate vibrational relaxation rates from gases into condensed phases by

the independent binary collision model; now, however, Weitz and coworkers have

found a case where this model fails. For larger molecules, detailed state-to-

state measurements by Lawrance, Knight, Steinfeld, Kinsey, Field, Gentry, Giese,

Fahr, Bates, Gordon, and coworkers in the gas phase have shown that specific

vibrational modes are excited most favorably in both excitation and de-excitation

collisions. Two groups have employed uv hydride photolysis to study collisional

relaxation processes involving fast H atoms. Gordon also presented new measure-

ments based on the shape of an acoustic wave vs. time after a laser pulse

indicating that vibrational-transitional relaxation of highly excited SF6 in
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argon is much slower than might be expected for such a large molecule.

In a session devoted to collisional and collision-free energy transfer,

J. D. McDonald (University of Illinois, Urbana) presented infrared fluorescence

spectra from molecules excited with an optical parametric oscillator to

single vibrational, and in some cases rovibrational, levels. Collisionless

energy flow was inferred from the fact that the total emission rate was less

than that predicted by the absorption oscillator strength, as well as by the

presence and variation in intensity of many bands in the fluorescence spectra.

The dilution factor of the oscillator strength was found to increase as the

density of states increased but was too large to be accounted for purely

from the density of vibrational states. Observed differences in the emission

spectrum from single rovibrational states indicate the importance of Coriolis

effects in this collisionless relaxation process.

C. S. Parmenter (Indiana University) made connections between collisional

and collisionless relaxation processes, using the example of p-difluoro-

benzene. For low to moderate energies, collisional propensities are observed

in the state-to-state collisional rates, with the most important mode being

an out-of-plane mode. At higher energies, this mode also promotes collision-

less relaxation.

A. E. W. Knight (Griffith University) addressed the question of whether

vibrational relaxation is greatly enhanced by very low kinetic energy col-

lisions. His first point was that the vibrational relaxation rate kv should

not be compared with a hard-sphere collision frequency, but rather with a

Lennard-Jones rate kLj, because of the importance of the attractive inter-

action at low energies. Experimental results for the relaxation in electroni-

cally excited benzene and naphthalene by argon were presented. A free-jet

expansion was employed and the fluorescence spectrum upon laser excitation of

single vibrational levels was observed as a function of the distance down-
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stream of the nozzle. Onlya slight enhancement of the ratio kv/kLj was
-I

found as the mean relative collision energy dropped from 20 to 2 cm , while

the absolute rates increased by a factor of about 4.

A talk by P. Andresen (Gbttingen) exemplified the increasing interest in

collisions involving open-shell molecules. He presented measurements of

state-to-state rotationally inelastic cross sections involving two 2.,a

molecules, NO and OH. A particularly interesting aspect of such molecules

concerns the role of the closely soaced A-doublet levels. Since the inci-

dent molecules in these experiments have an equal population in the doublets

of the lowest rotational level and case (a) coupling is rather good here,

no A-doublet preference is seen in the final NO states, in agreement with the

propensity rules elucidated by Alexander. By contrast, unequal final

A-doublet populations are observed in OH because the coupling is intermediate

between cases (a) and (b). This collisional propensity and similar effects

in the VUV photodissociation of H20 can explain the pumping mechanisms for

most OH astronomical masers. Previous mechanisms relied on an erroneous

assignment of the A-doublets.

In a comprehensive review of ion collisional processes, E. E. Ferguson (NOAA,

Boulder) illustrated how the vibrational state dependence of charge transfer

could be utilized to study vibrational relaxation of molecular ions.

D. C. Clary (Cambridge University) reviewed the current status of

inelastic scattering theory. He singled out for special attention the poster

paper of Keil and Parker in which 9 dynamical properties were fit by a single

empirical He-CO 2 interaction potential and the poster paper of Schaefer and

Monchick based on accurate potentials for HD-H 2 and HD-He. Usually though

the interaction potential is much less certain. Other recent work on

rotational energy transfer has involved rainbow and resonance effects. For

vibrational energy transfer, recent progress has been made with the

combination of vibrational close coupling and an infinite-order sudden treatment

• -. . .. - ._- . .-- . .. .- . .. . -. . . . . . . , . - .. . . - - .. .. --.. . ... .- -" ,
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of rotation. Clary challenged the experimentalists by predicting narrower

vibrational predissociation linewidths than they have observed, but Bowman

commented that lack of full rotational coupling in Clary's calculations may

artifically narrow his predicted resonance widths.

M. Alexander (University of Maryland) showed how propensity rules in collision-

induced rotational and fine-structure levels in open-shell molecules can be under-

stood in terms of a spin-free tensor opacity. Alexander's formulation of the

collision theory of open-shell molecules in terms of spin-free tensor opacities

allows semiclassical trajectory claculations to be used to calculate fine-

structure transition probabilities. G. D. Billing (University of Copenhagen)

showed how semiclassical calculations have advanced our understanding of vibrational/

rotational energy transfer collisions of small closed-shell molecules, including

He-NH3, Ar-CO2, HF-HF, Ar-SF6, and He-CH3OH.

In a review of recent experiments on the interaction of molecules with

surfaces, R. N. Zare (Stanford) focussed attention on measurements of

internal state distributions of molecules coming off surfaces. Zare made

the analogy that, while such experiments have become better defined in

recent years, our level of understanding of the dynamics is akin to that

in reactive scattering perhaps 20 years ago. This reflects the increased

theoretical complexity of the problem, as well as the experimental fact that

it is necessary to carefully characterize the surface in order to make a

meaningful measurement. Zare emphasized studies involving NO, as did J.

Barker (IBM). NO-surface interactions have been studied by several groups

because 11O can be detected conveniently by spectroscopic means. Perhaps

the most well studied system is NO-Ag(lll). The Ag(ll1) surface is favorable

for detailed study because is is chemically inert and flat. The internal

state distribution of NO scattered from this surface has been measured by

two groups(Zare and Auerbach and their coworkers) with incident NO beams

of different kinetic energies. At high energy, a rotational rainbow

and alignment are observed in the scattered molecules. There have been

several theoretical explanations of these results, indicating that further

I. '. . " '. " -- '' -'' ,' .° ''-, " "- - . , - ,' -, '- - -. " ' " ." "- . ' " . - ' "- " , " '' ... o' ." "- ....
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experiments are needed to distinguish among these models. Barker discussed

recent results of Rettner, Fabre, Kimman, and Auerbach showing that vibrational

excitation in NO/Ag(lll) collisions increases with incident energy and surface

temperature with an activation energy of (l/4)eV.

D. S. King (NBS) and coworkers have investigated the energy

distribution of thermally desorbed NO molecules from Pt(Ill). The

rotational temperature Trot of molecules desorbed from several different

sites on this surace is nearly equal to the surface temperature T . This

behavior is consistent with the known large accommodation coefficient for

this system. By contrast, Trot is approximately 1/2 of Ts for NO-Ru,

reflecting the role of the desorption dynamics.

G. Comsa (J6lich) described the use of helium beam diffraction as a

sensitive probe of surface disorder. This technique relies on the fact that

the diminution of the diffraction signal can be related to a scattering cross

section for the adsorbate. Moreover, the large size of this cross section

implies that the experiment is sensitive to the packing of adsorbates and/or

vacancies on the surface. This very sensitive method has been employed

to study both repulsive and attractive adsorbate interactions, as well as

to map out a 2-dimensional phase diagram of an adsorbate.

A. E. DePristo (Iowa State University) gave an overview of theoretical

work on collisions at surfaces. Particularly noteworthy are recent treatments

of dissociative adsorption, T--R and T -phonon energy transfer, nonadiabatic

electron transfer, and laser desorption. B. Lundqvist (Chal vers University

of Technology) stressed an approach to adsorbate-metal interactions based on

the concept that, as a molecule approaches the surface, its antibonding

orbital is lowered, splits, and is filled by electron transfer.

E. J. Heller (University of Washington) discussed photodissociation

experiments from the point of view of what information is revealed on each

of several time scales. The available probes were ordered by increasing

time scale as electronic absorption; Raman scattering to fundamentals, low
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overtones, and higher overtones; time-of-flight and product-state distribu-

tions; and long-time secondary emission.

W. H. Breckenridge (University of Utah) and B. Soep (Universit6 de

Paris-Sud, Orsay) discussed reactions of electronically excited metal atoms.

Soep presented pioneering experiments on reactions within van der Waals

complexes involving Hg atoms. Complexes in the ground electronic state

with various species, e.g. H2, Cl2, were prepared in a free jet expansion.

The Franck-Condon portion of the excited electronic surfaces, on which

reaction is energetically allowed, was accessed by optical excitation. In

the case of Hg*.H 2 differences in reactivity were observed depending on

whether the or - excited state was prepared. Breckenridge compared and

contrasted the reactions of the excited 3P1 state of the group 10 atoms

with the isotopes of H2, concentrating in particular on differences in the

product metal hydride rotational distribution.

D. R. Yarkony (Johns Hopkins University) presented new efficient methods

for calculating the coupling strengths of spin-forbidden and Born-Oppenheimer

nonadiabatic processes. In both cases the state-averaged multiconfiguration

self-consistent-field method plays an essential role.

The plenary discussions following the lectures were exceptionally vital

and provided a strong indication of the current excitement in this field.

The 1985 Conference on the Dynamics of Molecular Collisions was sponsored

by the Air Force Office of Scientific Research, the Argonne Universities

Association Trust Fund, Cooper LaserSonics, Inc., the National Science Founda-

tion, the Donors of the Petroleum Research Fund (administered by the American

Chemical Society), and the Research Corporation.

The successor to this meeting, the 1987 Conference on the Dynamics of

Molecular Collisions, will be held in Oglebay Park in Wheeling, West Virginia,

on July 12-17, 1987. The conference organizers are Paul J. Dagdigian,
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chairman, and William H. Miller (University of California, Berkeley), vice-

chairman. Further information can be obtained by writing to Professor P. J.

Dagdigian, Department of Chemistry, The Johns Hopkins University, Baltimore,

Maryland 21218.
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ADDITIONAL POSTERS

61B S. J. Ulvick, T. C. Maguire, R. F. Curl, P. R. Brooks, and J. H. "
Spence, Rice Quantum Institute, "Reaction Complex Spectroscopy". S

CANCELLED POSTERS

15B, 15C, 18C, 40B, 56C, 58C

ADDIiIONAL POSTER INDEX ENTRIES

Armentrout, P. B. 56B Leone, S. R. 59C
Binkley, J. S. 60A Maguire, T. C. 61B

Brooks, P. R. 61B Redmon, M. J. 60A
Butler, L. J. 59A Spence, J. H. 61B
Chapman, S. 59B Stewart, B. 60B
Curl, R. F. 61B Ulvick, S. J. 61B S

Donaldson, J. 59C

ADDITIONAL REGISTRANTS

Dr. Jeremy Frey, University of Southampton, U.K.
Mr. Sid Ulvick, Rice Quantum Institute, Houston S

Dr. Donald L. Thompson, Oklahoma State University, Stillwater

CANCELLED REGISTRATIONS

R. Brudzynski, G. Doyen, J. Fenn, D. Thirumalai, G. Tyndall.

Note: The posters for which Thirumalai and Tyndall are the underlined S

authors will be presented by B. C. Garrett and C. L. Cobb,
respectively.

BUSINESS MEETING

There will be a brief business meeting in the Cottonwood Center at 1:15 p.m.
Tuesday. Attendance is optional of course. Subjects: 1987 and 1989 meetings.

RETURN BUSES AND VANS (TO SALT LAKE CITY AIRPORT)

There will be a representative of Lewis Brothers Van Service at the
registration desk from 1:00 to 3:30 p.m. Wednesday. If you wish to

sign up for the main departure bus (12:20 p.m. Friday) or one of the
secondary departure times (noon, I p.m., 2 p.m., or whenever four or
more wish to depart), please do so at the registration desk at this

time or earlier in the week. Note: van service is available for groups
smaller than 4 at a rate of $40.00/van. For groups of 4 or more the -

.

rate is $10.00 per person. Payment is made to the driver.

ASSISTANCE. The following persons are ready to assist you:

• poster session - Paul Dagdigian (vice chairman), Susan Tucker

* registration - Ken Haug

* financial (speakers, scholarship recipients) - David Cochrane

* plenary sessions, other matters, problems - Don Truhlar (chairman)

Ken Haug and David Cochrane will be at the registration desk 1:15-2:00 p.m.,
Monday-thru-Thursday.
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Additional post-deadline poster papers

61A ....... A. J. Sedlacek and C. A. Wight, University of Utah, "Infrared
Fluorescence Studies of Near Resonant E-V Transfer"

0
61C ....... F. Crim, University of Wisconsin, "Energy Transfer via Vibrational

Predissociation: Relaxation of HF by HF Dimer"

62A ....... D. King, National Bureau of Standards "Vibrational Predissociation
of (NO)2" . -_

62B ....... F. Strobel, J. Wronka, R. B. Freas, III, W. Reents, Jr., and
D. Ridge, University of Delaware, "Reactions of Metastable
Chromium Ion"

62C....... D. Brenner and B. Garrison, Pennsylvania State University, "A -

Classical Dynamics Study of the Ion Bombardment of Ice" S

S . .
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Final amendments to attendance list

CANCELLATIONS

Y. Lee, B. Srivastava

ADDITIONAL REGISTRANTS

Ms. Cindy Beggs
Department of Chemistry

University of California
Santa Barbara, CA 93106

Dr. Christophe Jouvet

Laboratoire de Photophysique Moleculaire Batiment 213
Universite Paris-Sud 91405, Orsay Cedex, France

Mr. Tom Kulp

Department of Chemistry
University of Illinois
Urbana, IL 61801

Ms. Lisa M. Struck
325 Conradi Street
Tallahassee, FL 32304

(904) 224-3831

Dr. Karl Welge
Fakult~t fur Physik
Universitaet Bielefeld

D-4800 Bielefeld
Federal Republic of Germany

(521) 106-5441

CHANGE OF ADDRESS

Dr. Satoru S. Kano
Institute for Laser Science

University of Electro-Communications

Chofugaoka, Chofushi, Tokyo 182, Japan
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Cover Illustration: Two quasiclassical
trajectories for H + H2  -* H2  + H as functions
of mass-scaled coordinates. The underlying dashed
contours are the potential energy surface. The
two trajectories begin in the lower right with the
same vibrational energy but different phases, they
experience a long-lived collision and exhibit
features corresponding to the classical analog of
a Feshbach internal-excitation resonance, and
finally they evolve upwards to the product region
with slightly different final vibrational energies.
Reference for trajectory calculations: J. W. Duff
and D. G. Truhlar, Chem. Phys. 4 (1974) 1.
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Final Schedule
Conference on the Dynamics of Moleculir Collisions

Snowbird, Utah, July 14-19, 1985

Donald G. Truhlar, Chairman; Paul J. Dagdigian, Vice Chairman

5:30- 7:30 p.m. Reception. Cottonwood.
5:30- 7:30 p.m. Registration. Foyer adjacent to Cottonwood.

Mon dav

* 7:15- 8:15 a.m. Breakfast. Pavilion.
8:30-11:50 a.m. Session on Reactive Collisions Experimental. Chairman/Discussion

Leader: Tom Baer. Cottonwood.
8:30 Jim Valentini "Overview"
9:20 Discussion

9:40 Break
10:00 Jack Beachamp "Dynamics of Gas-Phase Organometallic

React ions"

10:40 Discussion
10:55 Jim Sloan "Energy Partitioning in Gas-Phase Reactions

Measured via Low-Pressure Emission Spectroscopy"
11:35 Discussion

12:15- 1:15 p.m. Lunch. Pavilion.
6:00- 7:00 p.m. Dinner. Pavilion.
7:30- 9:55 p.m. Session on Reactive Collisions Theoretical. Chairman/Discussion

Leader: Lionel Raff. Cottonwood.
7:30 Bill Miller "Overview"
8:10 Discussion
8:25 George Schatz "Theoretical Studies of State-to-State

Chemistry: A+BC and Beyond"
9:00 Discussion
9:10 John Murrell "The General Strategy of the Many-Body

Expansion for Potential Functions"

Tuesdav

7:15- 8:15 a.m. Breakfast. Pavilion.
8:30- 11:50 a.m. Session on Vibrational-Rotational Energy Transfer Experimental.

Chairman/Discussion Leader: Roger Miller. Cottonwood.
8:30 Bob Gordon "Overview"
9:20 Discussion
9:40 Break
10:00 Peter Andresen "Inelastic Scattering of 2U1 Molecules"
10:40 1) scuss Lom
10:5, Eld,, 'erug ,o "Re laxa lon and Reiction Rates (tt

Vibratlonall ,y Excited Ions in a Selected Ton I'low Drift
Tube (SIVI)T) and a Wind Tunnel (CRESU)"

11:5 Discussion
12:15- 1:15 p.m. Lunch. Pavilion.
6:00- 7:00 p.m. Dinner. Pavilion.
7:30- 9:55 p.m. Session on Vibrational-Rotational Energy Transfer Theoretical.

Chairman/Discussion Leader: Jim Cross. Cottonwood.
7:30 David Clary "Overview"
8:10 Discussion
8:25 Millard Alexander "Energy Transfer in Collisions Involv-

ing Open-Shell Molecules"
9:00 Disclussion
9:10 Gert Due Billing "Rotational-Vibrational Energy Transfer

in Small Molecules"

• .. .



Wednesday

7:15- 8:15 a.m. Breakfast. Pavilion.
8:30- 11:50 a.m. Session on Collisions at Surfaces Experimental. Chairman/Discussion

Leader: Mark Cardillo. Cottonwood.
8:30 Dick Zare "Overview"
9:20 Discussion

9:40 Break
10:00 George Comsa "Adsorbates and Surface Defects Seen by

Thermal He Scattering"
10:40 Discussion
10:55 David King "Energy Distributions in Thermally Desorbed

Molecules"

11:35 Discussion
12:15- 1:15 p.m. Lunch. Pavilion.
6:00- 7:00 p.m. Dinner. Pavilion.
7:30- 9:55 p.m. Session on Collisions at Surfaces Theoretical. Chairman/Discussion

Leader: Barbara Garrison. Cottonwood.
7:30 Andrew dePristo "Overview"
8:10 Discussion
8:25 John A. Barker "Gas-Surface Dynamics: Classical and

Quantal Theories of Inelastic Effects"
9:00 Discussion 4

9:10 Bengt Lundqvist "Electronic Factors for Conservative and
Dissipative Forces in Molecule-Surface Dynamics"

Thursday

7:15- 8:15 a.m. Breakfast. Pavilion.
8:30-12:10 a.m. Minisymposium on Collisional and Collision-Free Intermode Energy

Transfer. Chairman/Discussion Leader: Bill Reinhardt. Cottonwood.
8:30 Eric Heller "Intramolecutar Dynamics - What do Correla-

tion Functions and their Associated Spectroscopies Tell Us?"
9:05 Discussion
9:20 Doug McDonald "Intramolecular Energy Transfer: Where

Does the Energy Go?"
9:55 Discussion

10:10 Break
10:30 Alan Knight "Vibrational Relaxation Induced by Very Low

Energy Collisions: The Case for Enhancement of the Cross
Sect ion"

11:05 Discussion
11:20 Charlie Parmenter "Some Connections Between Collisional

and Collision-Free Vibrational Flow in Large Polyatomics"
11:55 Discussion

8:00-11:00 p.m. Poster session. Chairman: Paul Dagdigian. Alpine/Plaza.

Frida -

7:15- 8:15 a.m. Breakfast. Pavilion.
8:45- 11:15 a.m. Session on Processes Involving Electronic Excitation. Chairman/

Discussion Leader: Jim Muckerman. Cottonwood.
8:45 Bill Breckenridge "Rotational State Distributions of

Products of Reactions of Electronically Excited Atoms"
9:20 Discussion
9:35 B. Soep "Chemical Reactions of van der Waals Complexes"

10:10 Discussion
10:25 David Yarkony "Electronic Structure Aspects of Nonadiabatic

Processes in Molecular Systems"

11:00 Di scussion
11:15- 12:15 a.m. Lunch.
12:20 p.m. Bus departs for airport.
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ABSTRACTS OF PLENARY LECTURES

Note: There are no abstracts
for the overview lectures.
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Energy Transfer in Collisions Involving Open-Shell Molecules*

Aillard Alexander
Department of Chemistry -J

University of Maryland
College Park, Maryland 20742

Collisions involving molecules witn unpaired electrons present a
wealth of features not accessible in closed shell systems, since the
orbital motion of the collision partners can couple not only with the
rotation of the nuclei of the target molecule, but also with the
electronic orbital and/or spin of the unpaired electrons. In recent
years there has been considerable interest, both theoretical and
experimental, in these systems. One of the most exciting aspects of
this field has been the discovery of general collisional propensity
rules, according to which certain transitions between the various
multiplet components of the molecular rotational levels will be
strongly favored. These propensity rules, which were derived by a
formal analysis of the quantum scattering equations, have now been
confirmed by a number of close-coupled calculations as well as by
several recent experimental studies, involving both molecular beam as
well as laser double resonance techniques.

We shall present an overview of areas of current theoretical and
experimental interest in this field, concentrating on the following
specific topics:

1. Collisional energy transfer between molecular electronic states.
Almost all previous work in collision induced energy transfer has
involved the study of processes in which the molecular electronic
state has remained unchanged. Over the years there has been some
experimental interest in E-E energy transfer, which has been
interpreted with simplistic models. As we will discuss, it is now
possible to treat completely rigorously the general case of electroni-
cally inelastic collisions, and to derive propensity rules for this
type of process. This work will be reviewed and related to recent
double resonance experiments on N2 and CN.

2. Symmetry and spin-orbit effects in collisions of NO with surfaces.
* Several experiments have revealed anomalous and subtle effects in the

final state A-double and spin-orbit level populations in collisions of
NO with Ag(lll) surfaces. These experiments will be interpreted in
terms of interference effects in the collision process, involving, in
a semiclassical picture, trajectories which sample the two electrosta-
tic surfaces which result from the interaction of a 2N molecule with a

* surface. Recent scattering calculations based on a realistic descrip-
tion of these surfaces will be described. In principle the scattering
of open-shell molecules from surfaces can be used to probe the inti-
mate details of the binding of important radicals to surfaces.

* Research supported by the National Science Foundation, Grant

CHE84-08528 and by the U. S. Army Research Office, Grants
DAAG29-84-U-0078 and DAAK29-85-K-OOl$.



Inelastic scattering of 2n molecules

P.Andresen, MPI fur Strdmungsforschung

34 G ttingen FRG

The basic principles of rotational energy transfer in collisions

of molecules without electronic structure seem to be rather well

i understood. This may be due to the fact that the only inelasticity

that can occur is rotational excitation. For molecules with electronic

structure the situation is more involved, because othe:' (electronic)

transitions are possible, which modify the picture of rotational

energy transfer considerably.

Here, we consider the collisions of the 2
nl molecules OH and NO

with various partners. For example, in the collisions of OH with H2,

the multiplet conserving transitions have to be distinguished from the

multiplet changing collisions:

S ,OH 31 /2 ,N',A') + H 2  multiplet conserving

"'1OH(2fI/ 2 ,N-,4
" ) + H 2  multiplet changing

in both cases rotational excitation and A-doublet transitions occur.

U Propensity rules play an important role and lead to selective popula-

tion of A-doublet states in the case of OH. Among the A-doublet states

in 2f1R0 2 an inversion is found, which yields a pump mechanism for

stellar astronomical OH masers.

The collisions are studied in a cross beam scattering setup with

pulsed nozzle beams. In both cases the molecules are cooled by

rotatiorn-l relaxation in a nozzle beam to the lowest quantum state.

This implies, that not only the rotational groundstate is obtained,

''ut also that only one multiplet state is prepared in the experiment.

In the scattering center, OH or NO is excited by collisions to higher

lviri states. The population in these states is analyzed by Laser

1r,,!uced Fluorescence.

Tho nascent state distributions for rotational-, multiplet and

-, cblt states are measured and interpreted both qualitatively and

'luant itat ively.

.-. .
.- . . . .. . . . . . . . . . . . . .I.~. . . .



GAS-SURFACE DYNAMICS; CLASSICAL AND QUANITAI. TIEORIES OF
INELASTIC EFFECTS, J. A. 3arkcr, IBM Research Laboratory, San Jose, California
95193.

ABSTRACT: The dynamics of energy exchange between gas atoms and crystal surfaces,
with consequent trapping and desorption, is discussed in terms of a simple classical model
for the gas-surface potential involving motion in a conservative attractive potential and
fast energy-exchanging collisions between gas and surface atoms. Equations for the
velocity distributions of atoms leaving the surface after N hops are derived and used to
study the approach to the asymptotic steady state for N large. Residence time distributions
are calculated, and for high incident beam energies these show a pronounced peak at small
residence times (direct inelastic scattering) together with a decay at large residence times
which is ultimately exponential. Velocity distributions for trapping/desorption and direct
inelastic scattering are calculated and compared with experimental time-of flight
distributions. The implications of these results for the kinetics of physisorption and
chemisorption are discussed. In addition to these classical results for heavy-atom
scattering, some quantum-mechanical results on Debye-Waller factors in helium scattering,
calculated using the formulation of Levy and Suhl together with numerically calculated
trajectories and surface correlation functions, will be presented.

. . . . . . . "
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Dynamics of Gas-Phase Organometallic Reactions

J. L. Beauchamp

Arthur Amos Noyes Laboratory of Chemical Physics

California Institute of Technology

Pasadena, California 91125

Gas-phase studies of the reactions of small molecules at transition
metal centers have provideda rich harvest of highly speculative reaction
mechanisms. Traditional mechanistic probes, such as isotopic labeling,
have served mainly to indicate the complexity of "simple" processes. For
example, dehydrogenation of alkanes occurs not only by removal of H2 from
adjacent carbons, but by 1,3- and 1,4-elimination processes as well. We
have explored the use of product translational energy distributions to
provide additional insights into these and other organometallic reaction
mechanisms. The final step in a complex mechanism is often postulated

3 to involve reductive elimination of a small molecule from a transition
metal center. Product translational energy distributions have been
used to characterize the potential energy surface in this region for
processes involving H-H and C-H bond formation. The initial interaction
of a transition metal ion with a small molecule may lead to several
distinct reaction intermediates which decay at different rates. An

- examination of the decay kinctics provides insights into the number of
such intermediates and the specific products into which they decay. A
variety of techniques have been developed to prepare stable reaction
intermediates which can be examined using spectroscopic probes. For
example, in contrast to studies of bimolecular processes in which
chemically activated intermediates can decompose to yield several reaction
products, IR multiphoton activation of stable intermediates allows the
lowest energy pathway to be identified. Several examples of these studies
will be presented, along with an overview of current endeavors in this
field.

_ . -. , . . . .;, - . . .....-..- .



VIBRATIONAL-ROTATIONAL ENERGY TRANSFER IN SMALL MOLECULES

Gert Due Billing

Department of Chemistry
University of Copenhagen
Blegdamsvej 3
DK-2200 Copenhagen N. Denmark

This lecture will discuss recent work on

vibrational/rotational energy transfer in

small molecules.

.......



ROTATIONAL STATE DISTRIBUTIONS OF

PRODUCTS OF REACTIONS OF ELECTRONICALLY

* EXCITED ATOMS.

W.H. BRECKENRIDGE

Dept. of Chemistry

University of Utah

Salt Lake City, UTAH 84112

b

Excited atoms may dissipate their electronic energy collisionally in a

variety of ways. Of particular interest to chemical physicists are

the cases in which electronic excitation facilitates chemical reaction.

j In this talk, the disposal of electronic energy into the rotational

quantum states of diatomic chemical products will be discussed.

In particular, the reactions of various excited atomic states with the

molecules H2, HD and D2 will be compared and contrasted.

U

. . *.



"Thermal He scattering from disordered surfaces: a new analytical tool"

George Consa

IGV/KFA-Julich, P.O. Box 1913, D-5110 Julich, W-Germany

The surf.ce scattering of thermal He beams exhibits two particu-

lar, apparently contradictory features: an unusually high sensitivity

for the presence of adsorbates and/or defects, and a completely non-I
damaging character of the interaction. The combination of these fea-

tures was susceptible to provide a valuable, surface sensitive analy-

tical tool. However, it was not until the sensitivity was ratio-

nalized by introducing a cross section for diffuse scattering

(Z - 102 R per adinolecule) and the origin of the large size of Z was

uncovered that the capabilities of the new tool could be exploited.

In the last couple of years these remarkable capabilities were demon-

strated in surface investigations ranging from adsorbate kinetics at

coverages down to 0.1%, over 20-Phase transitions, to dynamics of the

sputtering-annealing process including the measurement of sputtering

yields.

The lecture will present first the basic features of He scat-

tering from close packed surfaces and of the influence of adsorbates

and vacancies on the specular beam intensity. Then, the philosophy of

the use of He beams for the investigation of disordered surfaces will

be outlined. Finally, the application of the method to the study of

the adsorption-desorption kinetics and of the surface diffusion of

adsorbates will be discussed in detail and exemplified for the

systems H and CO on Pt(I11).
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Relaxation and Reaction Rates of Vibrationally Excited Ions
in a Selected Ion Flow Drift Tube (SIFDT)

and a Wind Tunnel (CRESU)

! Eldon E. Ferguson
Aeronomy Laboratory

National Oceanic and Atmospheric Administration
Boulder, Colorado 80303

The application of the SIFDT and CRESU systems for ion-
molecule studies and their application to several problems
relevant to collision dynamics and reaction mechanisms will be
discussed. Measurements of vibrationally excited ions with
neutrals can be obtained in the SIFDT. The charge-transfer of
several triatomic ions with diatomic neutrals is found to be
substantially enhanced by vibrational excitation in the ion
bending modes. Rotational excitation of the ions has no signi-
ficant effect on rate constant. Some exothermic proton and H-
atom transfer reactions are found to be inhibited by ion
vibrational excitation. Several 0- transfer reaction rate
constants, e.g. for C0 3 - + SO 2 + S0 3 - + C0 2 , are found to

L depend neither on vibrational nor rotational state of the ion.
Ion vibrational excitation and deexcitation rate constants in
neutral collisions can be determined. A recent application of
the SIFDT has allowed systematic measurements of vibrational
relaxation of 02+(v=l), 02(vz2), N2 +(v) and NO+(v) ions from
thermal energy to - 1 eV relative kinetic energy with a number
of neutral quenchers. These measurements yield intramolecular
energy transfer rates in transient ion-molecule complexes, ana-
logous to vibrational predissociation in van der Waals molecu-
les (if one accepts our model). The SIFDT also allows a com-

. parison of the dependence of rate constants on relative reac-
tant kinetic energy as well as temperature. This comparison
gives an insight into the reaction dynamics and the extent of
energy pooling. The CRESU technique allows the measurement of
both binary and three-body association reactions down to tem-
peratures as low as 8K. The three-body rate constants allow a
determination of intermediate complex lifetimes. The potential
of these techniques will be illustrated by the ion-molecule
reaction 02 + + CH 4  H2COnH

+ + H, where both the SIFDT and
CRESU techniques have been brought to bear on one reaction to
provide a very detailed picture of the complicated reaction
mechanism. The rate constant has been measured as a function
of 02 + vibrational states v = 0,1,2,3, as a function of tem-
perature from 20K to 560K, as a function of kinetic energy at
several gas temperatures (up to -leV at 300K), and for all the
deuterated isotopes of CH 4. The reaction involves the sequen-
tial (a) formation of a very long-lived orbiting complex,
(b) hydride ion transfer to 02 + , and (c) H-atom ejection,

occurring on a double minimum potential surface. Steps (b) and
(c) have off-setting isotope effects, leading to a near sta-
tistical isotopic distribution of products. Step (b) is rate
controlling, leading to a near linear increase in rate constant
with H for CHnD4_n.

I. . . . . . . . . . . . . . . .. . . . .



INTRAMOLECULAR DYNAMICS -

WHAT DO CORRELATION FUNCTIONS AND THEIR ASSOCIATED SPECTROSCOPIES TELL US?

Eric J Heller
Vepartment of Crem2strp B6-10

'nzversztty of *ashington
Seattie WA 98195

Abstract

New perspectives on correlation functions for collisional (e.g. time-of-
fitght) and radiative (e.g. infrared emission) spectroscopies tell us much more
about the dynamical information content in spectroscopic measurements of both
isolated and condensed phase molecules. Classical trajectory methods can some-
times be applied successfully to understand and predict spectra, but sometimes
they fail miserably. Semiclassical methods help but still leave large gaps in
what we can do accurately. Semiclassical - ab znitso mixed methods help
considerably but problems involving many degrees of freedom and long time
dynamics remain out of reach.

Now results on infrared radiation cascades and rotational spectra will be
described. The spectroscopic signatures of resonances and complete IVR will
also be discussed.

. ...
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ENERGY DISTRIBUTIONS IN THERMALLY DESORBED MOLECULES

DAVID S. KING, DAVID A. MANTELL and RICHARD R. CAVANAGH
National Bureau of Standards

Center for Chemical Physics

Gaithersburg, Md 20899

Thermal desorption is one method for investigating the molecule-

surface interaction. Statistical mechanical models would predict

molecules desorbing from surfaces to be characterized by equilibration

with the surface. Expectations based on molecular dynamics would

allow for variation between different degrees of freedom (e.g., rotation,

vibration or translation) and not require any fixed relation to the

L initial surface temperature. Results will be presented on the internal

states distribution of NOthermally desorbed from Pt(lll). In addition,

new results on co-adsorbed systems of NO and CO on Pt will be presented

and discussed.

The thermal desorption spectrum of NO/Pt(Ill) is dominated by three

major features, occuring at surface temperatures of 200, 340 and 385 K.

The peak temperatures for a fixed NO coverage are dramatically shifted by

co-adsorption of CO due to adsorption site competition. For the co-

adsorbed system, the resulting thermal desorption depend on the ordering

of adsorption. Under all conditions the NO rotational temperature is

nearly equal to the surface temperature. In experiments where CO is

post-adsorbed on a partial coverage of NO, the rotational temperature

appears to be about 5: lower than for neat NO desorption at the same

surface temperature.

Doppler studies are currently underway for these systems. These

experiments will give both the kinetic energy of the desorbing NO and

also the angular flux distributions as a function of internal state.

The results of these experiments will hopefully add insight into the

relative importance of statistical mechanics vs molecular dynamics in

controlling heterogeneous processes such as thermal desorption.

b Work supported, in part, by Department of Energy, Office of Basic

Energy Sciences, Chemical Sciences Division.

NRC/NBS postdoctoral fellow.
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Paper to be presented at the 1985 Conference on the Dynamics of Molecular

Collisions, Snowbird, Utah.

VIBRATIONAL RELAXATION INDUCED BY

VERY LOW ENERGY COLLISIONS: THE

CASE FOR ENHANCEMENT OF THE CROSS SECTION

ALAN E.W. KNIGHT

School of Science, Griffith University,

Nathan, Brisbane, Queensland 4111, Australia.

State-to-state vibrational energy flow from selected vibrational levels

in S, benzene and naphthalene has been explored using a seeded supersonic

expansion of argon to provide very low collision energies in the range

1 - 20 cm-'. Collisions between the polyatomic and the monatomic carrier

gas lead to depopulation of the initially excited vibrational state. Time-

resolved dispersed fluorescence spectra provide the means by which pop-

ulation transfer to other vibrational levels in the polyatomic manifold

may be monitored. Absolute rates forstate-to-state vibrational relaxation

are obtained from measurements of the intensities of growth bands that

appear in the dispersed fluorescence spectrum. By setting the crossing

point of the excitation laser at a variety of distances downstream from the

nozzle exit, data are obtained for various mean translational temperatures.

Consideration has been given to the influence of velocity slip between

seed and carrier gas. Experimental tests as well as computational model-

ling of our expansion verify that the influence of velocity slip is negli-

gible in our measurements with argon as carrier gas. The absolute rates

for vibrational deactivation of the 8(bg )' level in naphthalene and the

61 level in benzene, measured as a function of average collision energy,

are compared with binary collision rates for Lennard-Jones spheres whose

interaction is governed by an effective potential that includes the

centrifugal barrier. For both benzene-Ar and naphthalene-Ar, the ratio

between the experimental rate and the Lennard-Jones rate increases by a

factor of ,,4 as the mean relative collision energy drops from -.20 cm-'

to %2 cm-1. The implications of these findings will be debated.



1985 Conference on the Dynamics of Molecular Collisions
Snowbird, Utah, July 14-19, 1985

ELECTRONIC FACTORS FOR CONSERVATIVE AND DISSIPATIVE FORCES IN
MOLECULE-SURFACE DYNAMICS

Bengt I. Lundqvist
Institute of Theoretical Physics, Chalmers University of

Technology, S-412 96 Gbteborg, Sweden

Description of the dynamics of atoms and molecules at surfaces, either
by quantum-mechanical scattering theory or by the equations of
irreversible thermodynamics, requires a physically sound input of
conservative and dissipative forces to give meaningful results.
Compared with gas-phase dynamics, there are several features
distinguishing surfaces, both static, such as the geometry of the
surface and the extended nature of the substrate electron states, and
dynamic ones, such as the low-lying excitation spectra of phonons and
electron-hole pairs. This paper is meant to be a brief attempt to show
that a coherent picture of electronic aspects of adsorption and surface
reactions is developing.

j The origin is an increasing understanding of the adsorbate-induced
electron structure and potential-energy surfaces of adsorbates. For
chemisorption, such results have been derived from, e.g., self-
consistent Kohn-Sham calculations on atoms and molecules adsorbed on
model surfaces. For instance, the weakening and breaking of molecular
bonds on metal surfaces get their explanation in terms of the lowering

*(raising), broadening and filling of molecular affinity (ionization)
levels, occuring for molecules close to the surface. The conceptual
picture has recently been extended to transition metals by the
effective-medium and similar schemes. Potential-energy surfaces can
there be simply calculated with a practical accuracy, and the role of
the d-electrons can be understood. Trends in chemisorption properties
and reaction rates along the transition-metal series can be explained.
Variations between different faces of the same substrate, and the roles
of defects, like steps, promoters and poisons can be described.

As one of several possible mechanisms for the damping of the motion of
chemisorbed species on metal surfaces, the energy transfer into
electron-hole-pair excitations of the substrate has to be considered.
First-principles model calculations indicate that the corresponding
damping rates of vibrational modes of light adsorbates may be of the
same order of magnitude as measured vibrational linewidths, in
particular for reactive adsorbates that induce electronic states at the
Fermi level of the metal. For light atoms impinging on metal surfaces
the electronic mechanism seems to be able to accommodate typical

thermal energies.

.1
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INTRAMOLECULXR VIBRATIONAL RELAXATION: WHERE DOES THE ENERGY GO?

J. D. McDonald
School of Chemical Sciences

University of Illinois at Urbana-Champaign
505 South Mathews Avenue

Urbana, IL 61801

We have observed infrared pure vibrational fluorescence spectra from

molecules excited with an infrared Optical Parametric to single vibrational,

and in some cases, rovibrational levels. Analysis of the resulting fluores-

cence spectra allows determination of the final fate of the deposited energy.

Typical molecules studies are methyl formate, dimethyl ether, 1,4-dioxane

and 2,3-dihydrofuran.

. .. ..---.-- " .. .. . . . . i '.- . .,-.l.'.--.- . -" .. i .'.- .-. ii-'i-- .' 'i -'' '.' .i'''. ". .... . .. . . " -



THE GENERAL STRATEGY OF THE MANY-BODY EXPANSION FOR POTENTIAL FUNCTIONS

J. N. Murrell
School of Chemistry and Molecular Sciences

The University of Sussex
Falmer, Brighton, Sussex BNI 9QJ, United Kingdom

The many-body expansion of the potential function of an

m N-atom polyatomic molecule takes all R-body terms (R<N) from

the potentials (assumed known) of the R-atom dissociation

limits so that only the '-body terms have to be determined

for each new system. The method has been shown to provide

a useful strategy for tri- and tetra-atomic systems when a

global representation of the whole surface is required. Multi-

valued functions are required to represent surfaces which have

more than one dissociation channel for a particular fragmen-

tation and these are represented by the eigenvalues of

Umatrices. The elements of these matrices can be uniquely
defined by the condition that only N-body terms occur in the

off-diagonal elements.

The general strategy, together with many applications

is described in a recent publication, "Molecular Potential

Energy Functions", by Murrell, Carter, Farantos, Huxley and

Varandas, J. Wiley, 1984.

7.• 7
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Theoretical Studies of State to State Chemistry:
A + BC and Beyond

3George C. Schatz

Department of Chemistry, Northwestern University,
Evanston, IL 60201

In this talk we discuss several recent advances in theoretical methodology
which enable the study of state to state chemistry in gas phase collisions at
previously unobtainable levels of sophistication.

For atom-diatom reactions, for example, it is now possible to calculate
accurate three dimensional quantum cross sections for systems that are con-
siderably more complex than H + H2. One of the keys to this development is a
coupled channel distorted wave (CCOW) method1 which is capable of calculating
exact quantum cross sections at energies near or below threshold where tun-
nelling dominates. Results for 0 + H2, 02, HD, DH and for Cl + HCI will be
presented which show the versatility of this method, and also its usefulness
for assessing the accuracy of approximate quantum and classical methods. Exact
quantum scattering calculations based on matching methods have also been
extended beyond H + H2 , although their domain of application is more limited
than CCDW because of coordinate system restrictions. Nevertheless, much can be

j learned from such calculations, and in this talk we will emphasize studies of D
+ H2 , H + D2 and u + H2.

For systems with four or more atoms, the quasiclassical trajectory method
is still the workhorse of chemical dynamics (but maybe not for much longer).
Even using trajectories, however, it is still very difficult to do detailed

* state to state dynamics studies oecause of the difficulties associated with
defining polyatomic molecule semiclassical eigenstates. There has been much
progress recently, however, including one method2 which enables the deter-
mination of eigenvalues for rotating Fermi-resonant triatornic molecules. This
has enabled us to study the very fundamental H2

+ + H2 + H3 + H H system, the
dynamics of which turns out to be both rich and surprising.

1. G.C. Schatz, L.M. Hubbard, P.S. Oardi and W.H. Miller, J. Chem. Phys. 81,
231 (1984).

2. C.W. Eaker and G.C. Schatz, J. Chem. Phys. 81, 2394 (1984); C.W. Eaker,
G.C. Schatz, N. DeLeon and E.J. Heller, J. Chem. Phys. 81, 5913 (1984).

.1
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Energy Partitioning in Gas Phase Reactions Measured via
Low-Pressure Emission Spectroscopy.

J.J. Sloan

National Research Council of Canada

Ottawa, Canada

Experimental techniques of increasing sophistication are being
developed to explore the detailed dynamics of gas phase reactions. As a

result, the range of processes accessible to study has gradually expanded from
reactions forming hydrogen halides to ion/molecule reactions and the reactions

of free radicals and electronically excited atoms. The two experimental
techniques which have been responsible for the major advances are laser induced
fluorescence and low-pressure infrared emission spectroscopy.

Recently, time-resolved Fourier transform spectroscopy has been
incorporated in the latter experiment, providing a capability for aquisition of
complete product spectra as a function of time after the excitation event. A
brief summary of some technical aspects of this experiement will be given.

Energy partitioning in several reactions and energy transfer processes

involving O( 1 D2 ) atoms have been measured using this technique; the results
will be discussed in the context of existing dynamical measurements of these

processes.

. ... . . . . . . .. . . . . . . . . . . . .



CHEMICAL REACTIONSOF VAN DER WAALS COMPLEXES

Christophe JOUVET - Benoit SOEP

Laboratoire de Photophysique Mol~culaire

UB timent 213 - Universitb de Paris-Sud

91405 - Orsay Cedex France

We have developed a new method which allows the direct access to the

reaction intermediates and to study their time evolution. The collision

is replaced by an half collision where the reactants are frozen in the

ground state of a Van der Waals complex and an optical excitation brings

the system to the reactive surface.

Then, all the collisionals parameters are defined : internal and transla-

tional energies are nearly zero, and the geometry is defined.

Two examples are given

j In the study of Hg ( 3 P 1 ) + C12 - HgCl (B2 Z+ ) + Cl,

the ionic intermediate of the reaction is spectroscopicaly observed. (')

For the reaction Hg (3 P) + H2 - - HgH + H, a difference of reactivity

between the electronics states of the complex has been observed, which is

* in a collision experiment a polarisation effect. .(2)

References

1. C. Jouvet and B. Soep, Chem. Phys. Lett. 96, 426 (1983)

2. C. Jouvet and B. Soep, Laser Chem. 5, 157 (1985)
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Abstract: Dynamics of Molecular Collisions
14-19, July 1985
Snowbird, Utah

Title: Electronic Structure Aspects of Nonadiabatic Processes in
Molecular Systems

SpeaKer: David R. Yarkony

We will be concerned witn two classes of nonadiabatic processes, those

which result from nuclear rr)tion and those which result from a breakdown of

spin as a good quantum number. In each instance we will outline recent

;nethodological advances made in collaboration with G. F. Adams, B. H.

Lengsfield, S. J. Havriliak and P. W. Saxe of the Ballistics Research

Laboratory, which have significantly improved our ability to treat these

classes of problems. To he discussed is a method in which the nonadiabatic

coupling matrix elements <wv(r;R) H vI(r;R >r are evaluated directly from

state averaged MCSCF/CI wavefunctions using dfrect gradient methods, i.e.

without recourse to finite differences. Spin forbidden processes, in

particular radiative decay, will be discussed using a new approach which

obviates the need for a complete diagonalization of the zeroth order

Hamiltonian, making the procedure amenable to large scale CI wavefunctions.

Applications will include nonadiahaticity due to nuclear motion in

reactions of the form:

Me + X-Y MeX + Y

where Me is an alkaline earth (or alkali) atom and X is a halogen and Y ,I( k

halogen or hydrogen. Spin forbidden radiative processes (r A) + in

NF and related systems will he discussed.

, . -
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POSTER SESSIONS

The Alpine/Plaza area is reserved for our group from
Monday morning to Friday noon. Please put your posters up
Monday afternoon and leave them up till at least 11:00 p.m.
Thursday.

Clearly posters may be discussed informally at any time.
Formal presentations will occur Thursday evening, and poster
presenters are asked to be at their stations at the

following times:

A posters 8:00- 9:00 p.m.
B posters 9:00-10:00 p.m.
C posters 10:00-11:00 p.m.
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RECOMBINATION OF CARBON AND OXYGEN ON A CATALYST SURFACE

Eugene D. Fleischmann and John E. Adams

Department of Chemistry

University of Missouri

Columbia, Missouri 65211

A classical trajectory study has been carried out of the oxidation

of carbon adsorbed on the (111) face of a platinum crystal via the

t Langmuir-Hinshelwood mechanism. The exact motions of the carbon, oxygen

and top twenty-four platinum atoms are followed using an empirical

interaction potential, with periodic boundary conditions being used to

U mimic an infinite surface. Angular and energy distributions for the

nascent CO molecules escaping from the surface have been calculated and

compared with reported experimental results. A particular emphasis is

* placed on an investigation of the sensitivity of the product

distributions to the manner in which carbon and oxygen combine and the

role played by platinum in the recombination.

. . .
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Energy Partitioning in the Reaction of O( 1D) with CO

P.M. Aker and J.J. Sloan

Ottawa-Carleton Chemistry Institute, Ottawa, KIS 5B7

National Research Council of Canada, Ottawa, KIA 0R6,
Canada

Time-resolved Fourier transform infrared spectroscopy
has been used to study the energy partitioning in the
reaction of O(1 D) atoms with CO. O( 1D) atoms are
generated in a low pressure infrared chemiluminescence

apparatus by the photolysis of 03 using a high-repetition
rate KrF excimer laser. The infrared spectrum at various
time delays after the photolysis pulse is measured using a
Fourier transform spectrometer. Instantaneous populations

of the CO vibrational levels are obtained by measuring the
temporally-and spectrally-resolved CO(Av = -1) spectra.
The results, which indicate that there is substantial
CO(v',J') excitation, will be compared with existing
measurements on this system.

....
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PHOTODISSOCIATION SPECTROSCOPY AND PHOTOFRAGYUNTAT.JN"

DYNAMICS OF MASS SELECTED CLUSTER TON,

M. L. Alexander, M. A. Johnson, N. E. Levinger and W. C. Lineberger
Department of Chemistry and Joint Institute for Laborator A:r- ;

University of Colorado, Boulder, ,n) 8031q "

Cluster ions are formed ;n a free jet expansion roun4 .... "onle

chromophore with a known abso,,tion spectrum. Followiag -ass s. ect.o in a

TOF mass spectrometer, the clusters are photodissociateU v>... alsorpt: . a

laser photon by the chromophore. Charged photofra~mentation produc .-- e r.,.ss

analyzed in a second, "reflectron," TOF and the distributions are investi!ated

as a function of both photon energy and cluster size. The Identity C' t.se

daughter ions gives structural information about the cluster and insigh: irto

the dynamics of the photodissociation event.
+

Data are presented for photofragmentation of (CO2)n clusters, n-2-26, at

1064, 650 and 532 nm. The product distributions are narrow and reveal a

constant loss of neutral CO2 monomers above n=20. The number of neutrals lost

is found to be proportional to the photon energy. A mechanism for the

photodissociation involving sequential loss of monomers is presented.

Fragmentation patterns are also presented for Br2 (CO2 )n, n-2-12. This

system provides a unique opportunity to study the process of geminate
r

recombination as a function of the number of CO2 ligands and energy absorbed

by the cluster.

P.0



RESONANCES IN SYMMETRIC COLLINEAR REACTIONS OF HYDROGEN ISOTOPES

Timothy G. Mattson+ and Rer_ .--Anderson "
Chemistry Board of Studies i
University of California, Santa Cruz, California 95064

Efficient procedures for carrying out reactive scattering

calculations in hyperspherical coordinates are developed and

applied to the symmetric, collinear H + LH (L = Mu,H,D,T)

reactions. These reactions cover a range of mass skewing angles

and the effects of the skew angle on the dynamics are presented.

Resonance positions are compared for the various reactions

demonstrating similar underlying dynamics. The DIVAH model, that

adds diagonal corrections to the angular adiabatic potentia's, is

shown to be very accurate for predicting resonance positions for

small skew angle systems. For the heavier, large skew angle

systems the DIVAH model is not accurate but is useful for

classifying resonances as shape or Feshbach. The calculations

are accelearated by limiting the coupling between channels. This

is done by forcing the interval to interval adiabatic

transformation matrices to be banded. This procedure also leads

to information about the degree of channel coupling needed to

fully describe the dynamics. Tri-diagonal transformation

matrices are shown to give accurate results for the smallest skew

angle system and good results for the heavier systems. Penta-

diagonal matrices yield accurate results for all the systems.

+ Present Address: Department of Chemistry

California Institute of Technology



SPECTRAL AND TIME RESOLVED CHEMILUMINESCENCE lF.,

' John P. Wai and Roger W. Anderson
Chemistry Board of Studies
University of California, Santa Cruz, California 95064

Energy disposal in the Ba + N2 0 = BaO + N2 chemiluminescent

reaction is measured as a function of the internal energy of the

N 20 reactant under single collision conditions. The internal

excitation is provided by heating an effusive N 20 source. The

spectrum of the BaO emission shows marked increases for the band

features at wavelengths shorter than 500 nm. Little change is

found for longer wavelengths. Time resolution of the emission is

performed by spectrally resolving fluorescence at different

distances from the intersection of the Ba and N 2 0 beams. The

spectra of the longer lived emitters is quite different from that

of the shorter lived emitters. The strongest feature in the

* short life spectrum vanishes in the long life spectrum.

Simulations of the spectra are performed with a program that

adjusts vibrational populations for various excited states of

BaO. The program uses RKR Franck-Condon factors, statistical

rotational distributions, Honl-London factors, monochromator

. resolution convolution, and splines to give unbaised vibrational

distributions. Simulations that assume that the emission occurs

from the A and A' states of BaO do not reproduce the interesting

. blue end of the spectra. Simulations of relaxed beam-bulb

spectra show that the A state can adequately account for the red

emission. Since the single ollision, short wavelength band

positions are not precisely simulated by the assuming A' state

emission, we conclude that another electronic state of BaO must

be Involved in the chemiluminescence. :1
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Studies of the Chemistry of Vanadium Cluster Ions

Luke Hanley and Scott L. Anderson

Department of Chemistry

State University of New York at Stony Brook

Stony Brook, New York 11794

ABSTRACT

Sputtering with rare gas ion projectiles is used to produce singly-

charged clusters of vanadium and vanadium oxides (V 0 ) in the gas
ngm

phase. Storage in a buffer gas using radio-frequency ion traps

can be used to cool the hot ions produced in the source. The

beam of clusters is then allowed to react with a variety of small

molecules and cross sections for ionic product formation are •

measured.

*" ]
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MOLECULAR BEAM STUDIES OF ANISOTROPIC INTERACTIONS
AND THEIR THEORETICAL ANALYSIS

Vincenzo Aquilanti

Dipartimento di Chimica dell'Universit-

06100 Perugia, Italy

Integral and differential cross sections measured

in this laboratory for interactions between various atoms

and simple molecules provide information on anisotropic

intermolecular potential.

The analysis of data is based on a quantum mechanical

treatment of alternative coupling schemes and decoupling

approximations which are also of interest for the use of

this information for the description of inelastic and

reactive collisions.

Key refernces are, for atom-atom integral cross sections:

V. Aquilanti et al., in "Electronic and Atomic Collisions",

Invited Papers, J. Eichler et al., Eds., Elsevier (1984);

for atom-molecule diffrential cross sections:

P. Casavecchia et al., Chem. Phys. Letters 112, 445 (1984);

for an outline of a discrete angular representation:

V. Aquilanti and G. Grossi, Lettere al Nuovo Cim., 42, 157 (1985).



Ion Beam Studies of V and VO Chemistry

N. Aristov and P. B. Armentrout

Department of Chemistry
University of California
Berkeley, California 94720

The reactions

(1) V+ + ROH products

(2) VO+ + RH products

where R = CH 3 and H, have been studied in a guided ion beam apparatus.

These systems are examples of processes where one can probe a

transient reaction intermediate, here [VROH*]+
, from more than one

initial reactant state.

We have measured the translatior il energy dependence of the cross

sections for reactions 1 and 2. We find that when R = H, the oxidation

of D2 by VO to make V + D 20 and the reverse reaction of reduction

of water by V+ both occur. When R = CH however, while VO+ is
observed to oxidize methane to methanol, the reverse reaction is not

seen.

By interpreting the thresholds for endothermic processes, heats

of formation of several transition metal ion complexes are obtained.

The effect of the oxide ligand on transition metal carbon and metal

hydrogen bond strengths is of particular interest.

. .-..
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* Molecular Photodissociation

Catherine Asaro
A. Dalgarno

Harvard/Smithsonian Center for Astrophysics

60 Garden Street

Cambridge, MA 02138

A scattering formalism using both adiabatic and diabatic

representations is utilized to give a multi-channel description of

*angular distributions in molecular photodissociation. Branch-

ing ratios are given as a function of J, where J is the quan-

turn number for the total angular momentum. Cross-sections

are presented and compared. Results are given for the alkali-

*halides, which exhibit a mixture of ionic and covalent charac-

ter.

. ... . . . .. .



COLLISIONAL EFFECTS ON THE REVERSE SATURABLE ABSORPTION
01: SHORT LIGHT PULSES

Yehuda B. Band
Department of Chemistry
Ben-Gurion University

The use of molecules which possess an excited state absorption cross
section, *( ), larger than the ground state absorption cross section,
o(A), at a particular incident wavelength of light, A, (and a number of
other properties) as pulse energy limiters, pulse shortners, power limiters,
and pulse smoothers has recently been described.1, 2  Such molecules have
been called reverse saturable absorbers in contradistinction to saturable
absorbers, whose absorption decreases with increased population of the
excited state.

We describe the absorption characteristics of polarized light pulses
of short temporal duration in reverse saturable absorbers. The effects of
rotational diffusion, pulse depletion, finite pulse propagation time, and
transition dipole moment orientation are properly treated. Significant
enhancement of the reverse saturation due to excited state absorption
results when the ground and excited state absorption dipole moments are
parallel. We focus on the collisionally induced rotational diffusion of
the molecules, and its effect on the pulse absorption and the subsequent
fluorescence.

To carry out this study, we develop and solve the set of coupled
partial differential equations describing the electric field propagation
and the rate equations for the effective concentrations of molecules with
transition dipole moments parallel and perpendicular to the electric vec-
tor of the field. Our treatment explicitly treats the effects of strong
pulse absorption and finite temporal pulse widths, since these effects are
crucial for many reverse saturable absorption applications.

1. D.J. Iarter, N.L. Shand, and Y.B. Band, J. Appl. Phys. 56, 865 (1984).

2. D.J. Harter, Y.B. Band, and E.P. Ippen, JQE-IEEE (in press).
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I TIME-RESOLVED OPTOACOUSTIC MEASUREMENTS OF THE VIBRATIONAL RELAXATION
OF HIGHLY EXCITED MOLECULES. Kenneth M. Beck, Andrzej Ringwelski, and Robert J.

Gordon, Department of Chemistry, University of Illinois at Chicago, Chicago, IL 60680.

* Two real-time optoacoustic techniques were used to study the VT relaxation of highly ex-

cited polyatomic molecules. In the first method a microphone placed at the wall of a long cylinder

measured the interference pattern of the acoustic waves which were generated as the excited gas

relaxed. In the second method a high frequency piezoelectric ceramic, placed near the center of a

large chamber, measured the compression and rarefaction components of a single acoustic wave.

Both techniques were used to determine how the rate of vibrational relaxation depends on the

amount of energy initially contained in the molecule. Initial measurements were performed with

SF6 in argon, using infrared multiphoton excitation to prepare the vibrational energy

distribution of SF6 .

I Support by the National Science Foundation and the Petroleum Research Fund is gratfully

acknowledged.
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I , Y<\ N(:\f f NG; OF N,(B3,T ,)
N V.lF(iI'NON- J RAO I A'I'!) NI 'J'R{O(A-N

B.l). O. ,', W, I. farinel Ii, and L.l{. Piper
Phvsic',il Sr'i,,, cl Inc'., k-'tearch Park, Andover MA 01810

W! L1 i vq. A.'I. Blumherg
Air Force G(eop;jhysic, Laboratory, flanscOMn AFB, Bedford MA 01731

Relative ef:iciencies IoU oxci t ing vibrat ional levels of the B3 T and
37 + " ,¢+ I n

the C3 77 states of N, anl t Ie B 77 tate ot N by the electron-irradia-
t on of N) have been mFaeisnrld . The distributions over vibrational levels
for these states have been tietoriined _,ver a range of pressures to distin-
gui sh between population .f B3 / i t e vibrational levels by direct
electron impact and bv ,' i ason;tl and tadiat ice transfer of excitation.
The present experimental rosa It .orc, with previoiis laboratory measure-
ment-, auroraL ohservations, .- ad i k tintic rizodeI of the coupled system of

the A, B, C and W states ol N,
These measurements we iniiade by observing the fluorescent intensities

of the First Negative hand of N f and the First and Second Positive bands
ot Na in the I m dia. Air Force Iceophysics Laboratory's LABCEDE vacuum
chamber in which N2 at pr~,r ot .15-NI.5 mTorr was irradiated by up
to 14 mA currents of 4.5 koe I' ol tro is. The fluorescence was observed

uSing a monochromat,or ind ihatrniIt pI jer tibhe operated to minimize the
ditrusion of radiators -)it fof the tiiI, of view of the detector. The
v ibrat iona I distL r i bi t ions obt. ned tor the N,+ B state and the N 2 C state
were invariant over the prssnre ri.w usd, agreed with the Franck-Condon
distributtions for excl t it ion ,f g ,oP state N2, and agreed with auroral
observations. FOr th, N b at ti \ ibr-t onIaL distribution for levels
v=3-9 at low pr,-;suro, s w,,, t Fr,-inck-Condon excitation and
radiative cascade prdl.ot i.ii )t , r-itt, and agreed with high attitude
auroral hbs;ervat i mna. A.- 'le - " imire:sed, the relative popula-
tions of level,; v-- v r -, 1, a in agreement with auroral
)bservatins. A si-'I. ;i ." ic- h 'Icided electron-impact
excitation i T )ii , i a.' ,p! i o,, f the N,) A, B, C, and
W states; wAs ' , , stent with the measurements.

Atho ,., "foes, similar N- B and W state
~ptt.tio , a, ............... ' ilit I" cl lisionally coupled

t) te nea r I , this collisional

cinp Ii n dI,' ' ',., ' tional level distribution
for tle N , h i *' i! .. .lisitonloss conditions.

As a r-,snIt I , ' ,, tid B states is not respon-
sible i.tr th, ,,i. Jr a deeply penetrating
aiirara. W, I .a' . i. t r I m a lma have a sub-

S t r-llT t i ; I I t h, t I. i(,e t o tr

This work wa ;i, op' , ;t lP P-tZ. t r I , t at r C ce, of Scientific

*<osecar,-i l d the t i!S< i ." , " V
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Potential Energy Su--face of Phlosphir-e Oxide S

* ~~~jerr-y A. 3Boatz, Marl< S. Gordon, M~a .Shit
a:~ Sao~;i Yab~Mt

Department off Ch-iiiistry7
North Daknta State tnvr>.

P-argro, N.D. 58105

U

The react.4=on f H-.OP0 sirve a _i a prototype- 'o:' the i-nfrar&ec

mu-t iphoto- dissociation meon1-anasms of more general =-PO

compounds, w-here X, Y, aId 7 -ave i-oaln icrds.

exa;zple, thp infraved m.a-oct ~so~t~o~o dimethy: methyl

phosDo.nate :s, liwn Ito prcoduce PO radicals. Certain of the

reactzons sru-e are udotl aso imprt -n the

corbst ion o--f :hosphine, PH_..

Molecv:lar orbi-tal calculations ha-ve beer. carrled out on. a

seie o vroenismeizatirn, hydrogen eli -M4nation (both

atomirc anc-' _J,,ec-0ar) , and hyciroge i-srctc eactions of

- .EP0. Species considered are H, PC, H,.POH, H,'D., 1-nCE, -:-PC, POH,

and PC0, vi h 7iancH of rag-ents. Meclrstru. re"r

a' !-.'e at e :!3r tree Fock 1,eve- --z,:g 
4 e 3- 2C basis set .

Single point 6- 7; C iUal~l w.-:th "3 -perturlation

correctio-1s- -re sed for tlhe predict.-on of rea-:'on '_-erget ics

and barriers.



MOLECULAR STUDY OF THE HYDROGEN-HYDROGEN EXCITATION COLLISIONS

F. Borondo, F. Martin and M. Yaez.

Departamento de Quimica Fisica y Quimica Cudntica
Facultad de Ciencias. C-XIV.

Universidad Aut6noma de Madrid. Cantoblanco
28049 MADRID (Spain)

WP report total cross sections for the excitation reactions

H(ls) + H(Is) - H(2s,2p) + H(ls)

calculated in an impact-parameter formalism, for high collisions energies.

The molecular energies are calculated by a configuration-interaction method.

The radial couplings between the molecular wavefunctions are evaluated exactly

using the method proposed by Macias and Riera (J. Phys. B., IQ 861 (1977);

11, 1077 (1978)).
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A Numerical Method for the Transformation

to Action-Angle Variables

Rex T. Skodje and F. Borondo
Department of Chemistry

* University of Colorado
Boulder, CO 80309

A simple and economical method based on the adiabatic hypothesis
of classical mechanics for the transformation to good action-angle
variables in nonseparable multidimensional systems is presented. The
utility of this transformation in chemical problems is demonstrated
by several applications to intramolecular dynamics.

-

l
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Coupled Channel Transition Matrix (T-Matrix)

Approximation for the Three-Dimensional Atom-Molecule

Reactive Scattering. M. S. BOWERS, B. H. CHOI, Univ. of
California at Riverside, and K. T. TANG, Pacific Lutheran
Univ. -- A three-dimensional coupled channel transition

matrix (T-matrix) approximation is presented for the

reactive scattering of an atom and a diatomic molecule. In
this approximation, both entrance and exit channel wave

functions are calculated from the inelastic vibrational and
rotational close-coupling approximation. It is found that
this method gives moje accurate results than the earlier

work of Choi et. al. in which only the entrance channel
wave function was obtained from the close-coupling

approximation. 2 Also, it is similar to the recent work of

Schatz et. al. except that in the present formulation the
coupled radial wave functions are calculated in a
spaced-fixed rather than a body-fixed coordinate system;

therefore, parity decoupling in the present method is

simpler and more straightforward. The present method allows
for the internal states of both the target and product
molecule to be dynamically coupled following the motion of

the atom, and it has been shown to give quantitatively
accurate reactive cross sections in the threshold region of
the H+H 2 reaction. 1,2 Thus, this approach provides an
excellent means for studying isotopic effects on thermal
rate constants. The formulation of the approach,
computational procedures, and some numerical results are

presented for an asymmetric, isotopic analog of the hydrogen

exchange reaction.

1 B. H. Chol, R. T. Poe, and K. T. Tang, J. Chem. Phys. 81, --

4979 (1984).
2G. C. Schatz, L. M. Hubbard, P. S. Dardi, and W. H. Miller,

J. Chem. Phys. 81, 231 (1984).

.......... .. .. .. .. ... .



Reduced dimensionality quantu calculations of reaction

probabilities: O(3)+D 2 . n2 .D, +2 aad +% a

I

Joel M. Bowman

Department of Chemistry

Illinois Institute of Technology

Chicago, IL 60616

Reduced dimensionality reaction probablities have been calculated for

O(3)+H 2, D2 , and HD, using an ab imitio potential surface. Rate

constants and comparisons with experiment will be presented. Calcula-

tions have also been done for the p+H2 and H+H2 reactions using the LSTH

potential surface. The probabilites for these reactions compare very

well with recent coupled states calculations of Schatz.

I

a This work was supported in part by the Department of Energy, Office

of Basic Energy Sciences (DOEDE-AC02-91ER10900). The calculations were

done on the lIT Chemistry Department VAX 11/750 computer which was

funded in part by the National Science Foundation (CHE-8306272) and the

Camille and Henry Dreyfus Foundation.
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,.Am1JK NE90UNCES IN R+0a

Hubert Romanowskib and Joel M. Bowman

Department of Chemistry

Illinois Institute of Technology

Chicago, IL 60616 -

and

Lawrence B. Hardingc

Chemistry Division

Argonne National Laboratory

Argonne, IL 60439

Large scale coupled channel calculations were performed for the H+CO

*system, using an ab initio potential energy surface, over a range of

energies where complex formation is possible. We report the existence

of several resonances for zero total angular momentum and treating CO as

a rigid-rotor. This is the first report of quantal scattering

resonances in a three-dimensional, strongly chemically interacting

system which can form a stable adduct. Thus, unlike van der Waals

systems, the present system offers a realistic opportunity to test

statistical theories of scattering and recombination, e.g., RRKM theory

and the statistical adiabatic channel model. These resonances could

conceivably be observed experimentally.

a This work was supported in part by the Department of Energy, Office

* of Basic Energy Sciences (DOEDE-AC02-91ERI0900). The calculations were

done on the IIT Chemistry Department VAX 11/750 computer which was

'" funded in part by the National Science Foundation (CHE-8306272) and the

Camille and Henry Dreyfus Foundation.
b Permanent address: Institute of Chemistry, University of Wroclaw, 50-

38 Wroctaw, Poland.

c Supported by the Department of Energy under contract W-31-1-9-Eng-38
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A semiclassical calculation of the temperature dependence of

inelastic phonon transitions in gas-surface scattering:

i He/Si(100)-(2X1) a)

Seung C. Parkb) and Joel M. Bowman

Department of Chemistry

Illinois Institute of Technology

Chicago, Illinois 60616 U.S.A.
I

* ABSTRACT

Inelastic atom-surface phonon scattering for a model He/Si(100)-(2Xl) sys-

tem is investigated by the classical trajectory quantum-forced oscillator DECENT

method. All one- and two-phonon creation and annihilation intensities are presented

for surface temperatures of 100, 300 and 600 K and the time-of-flight spectra

are simulated for these three temperatures. The contribution of one- , two- and

multi-phonon events to the total energy transfer between 0 and 600 K is also given.

a). Support from the National Science Foundation (CHE-811784) is greatefully

acknowledged.

b). Present. address: University Chemical Laboratory, Lensfield Road, Cambridge,

('132 IEV' United Kingdom
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PHOTOPREDISSOCIATION OF VAN DER WAALS DIMERS

IN THE GROUND ELECTRONIC STATE

N.HALBERSTADT and Ph.BRECHIGNAC

Laboratoire de Photophysique Moldculaire,C.N.R.S.

Batiment 213,Univ.Paris-Sud,91405 ORSAY CEDEX,France

The first experiments on Van der Waals dimers infra-

red predissociation exhibited fairly large linewidths

which correspond to very fast energy redistribution or

dissociation.In more recent experiments,fine structure

corresponding to relatively long lifetimes have also

been reported. The internal energy distribution of the

dissociation products is a clue for understanding the

mechanism of such a half-collision.

The infrared absorption spectrum of the9 band of
-. 4.(NO) 2 has been recorded at 0.3 cm' resolution in a cell

cooled down to 110 K.From the band contour analysis and

comparison with a simulated spectrum, accurate values of

the rotational constants in the 4 state are derived,

showing a reduction of the Van der Waals bond on vibratio-

nal excitation. A lower limit of the time for energy re-

distribution of 50 to 100 ps is proposed.

The infrared photopredissociation of (NO)2 has been

directly observed in a crossed laser molecular beam expe-

riment using bolometric detection of the beam attenuation.

An upper limit of the dissociation lifetime can be set

to 0- 3second.

Investigation of the internal energy of the fragments

is in progress,using a Raman-shifted Nd-YAG pumped dye

laser as a tunable infrared source and LIF detection.

Reference: Ph.Br~chignac, S.DeBenedictis, N.Halberstadt,

B.J.Whitaker and S.Avrillier,J.Chem.Phys.,to be published.
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ROTATIONAL INELASTIC CROSS-SECTIONS FOR MOLECULES OF ASTROPHYSICAL

INTEREST (OCS AND NH3) : a comparison between theory and experiment.

M. Broquier and A. Picard-Bersellini
Laboratoire de Photophysique Moldculaire du CNRS

Bat 213 Universit6 Paris-Sud 91405 ORSAY Cedex France

The study of absorption lineshapes in the infrared region(5um) by

means of a diode laser spectrometer allowed us to determine the pressure

broadening cross-sections as a fonction of the rotational quantum number J
L

for the systems OCS-Ar,OCS-He and OCS-H 2 . By applying the results of the

Sudden approximationcomparison of the experimental results with the theore-

tical values enabled an estimation of the quality of the intermolecular

potentials used to be made

The parallel study in the + - band at 5pm of OCS showed

clear evidence,for the first time,of infrared collisional narrowing in the

very simple four-level system at moderate pressure. The semi-classical

calculations showed that the intra doublet inelastic rate (r) is very sensi-

tive to the details of the potential.

Therefore we have shown at the same time an experimental method and

a theoretical model which a1low us to access two types of information: the

pressure broadening coefficient (y) and the intra doublet inelastic rate.

A similar study on ammonia perturbed by H2 at room and at low tempera-

ture allowed us to determine a broadoning cross-section and also the intra

doublet inelastic rate ( due to molecular inversion)

........................................................



ENERGY LOSS SCALING FOR SMALL ANGLE ROTATIONALLY INELASTIC SCATTERING

F. E. Budenholzer, M. H. Chang and S. C. Hu

Departmwent of Chemistry, Fu Jen Catholic University, Taipei, Taiwan ROC

We consider sm all anqle, rotational]y inelastic collisions between

an atom or atomic ion and an initially non-rotating diatomic molecule

at collision energies from a few eV to several hundred eV. In this

region we have used classical perturbation scattering theory to claculate

translation-rotation energy transfer.2 We found that for scattering at

a particular reduced deflection angle =EO , where E is the initial

relative translational energy and 0 the center of mass scattering angle,

the energy transferred into rotation scales with the collision energy

E 6Et=f (-). ()

fk-ne f(T) is a ccmplicated function dependent on the atan (ion)-diatcmic

potential and the collision masses. Fornulas aid prescriptions for

calculation can be found in ref. 2.

We have verified this result using full classical trajectories.

A model Li+-CO potential surface was constructed and classical trajectories

were run over the surface at a translation energy of 2.4 eV and 4.8 eV.

If the scaling relationship of eq. (1) is true, we would expect EAE rot

to be the sane for various combinations of E and 0 whose product is

a particular value of T . This was indeed found to be the case.

W will discuss the intuitive reasonableness of this result and

other similar ncaling laws.

A short rport of this work has already been published in ref. 1.

This research was supported by the National Science Council of the

Republic of China.

'F. E. Budenholzer, M. H. Chnag and P. P. LW1, J. Phys. Chem. 89,
199 (1985).

2F. E. Budenholzer and C. C. Lee, Chem. Phys. 73, 323 (1982).
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TWO-PHOTON RESONANT THIRD HARMONIC GENERATION
REFLECTING INTERNAL STATE POPULATIONS IN CW CO FREE JETS

F. Aguillon, A. Leb6hot, J. Rousseau, R. Campargue

Laboratoire des Jets Mol~culaires
CEA-IRDI -DESICP-DPC-SPP

Centre d'Etudes Nucleaires de Saclay, 91191 Gif-sur-Yvette, CEDEX, France

Harmonic generation and frequency mixirig are well established tech-
niques for extending the visible laser range by frequency conversion
through different kinds of nonlinear media : (1) crystals currently used, ii
but optically opaque below about 195 nm, (2) gaseous media in cells (rare
gases, metal vapors, H2 , CO) with windows of limited spectral transmittance,
or differential pumping, (3) pulsed jets providing o windowless enviro;1men:.
,-, ,roposed and usud successfully by Rettoer et a]. I In the present wOuKi

we demonstrate the feasibility of third harmonic generation through continu-
ous free jets, as produced at Saclay with a zone of silence. 2 The laser
system consists of a Nd:YAG pumped, frequency doubled dye laser (Quantel
model YG 481, TOL IV). The VUV radiation is successively extracted using
differential pumping, separated from the laser light (fundamental) with a
I m vacuum monochromator (Mc Pherson model 225), detected by an electron
multiplier, and treated by a boxcar integrator (Stanford Research Systems

model SR 250).

The third harmonic power P3 , attainable with a laser power P1 incident
on a gaseous medium at frequency W1 ,is such as :1,3

P3 c [Ni Xf )]2

where i is an internal state of the medium, Ni is the number density for

the state i, and Xi (3 is the third order nonlinear susceptibility at
frequency 3w1 , for the state i. The frequency conversion is greatly en-
hinced by a two-photon resonance via an electronically excited state of th,
nn lineor mediuns. Furthermori-, thu flow cooling in the jet makes it. po' -;i-

. ~ t;lc to operate- at high state density Ni, without increasing the total gas

density and, consequently, the absorption phenomena.
4

In our experiments, frequency tripling (284 - 94.6 nm) is achieved in
a c.w. supersonic jet of CO. The two-photon resonance is obtained between
the (X 1E', v = C, J") and (A li, v = 4, J') states. The rotational lines
of 5 branches 0, P, Q, R, S. corresponding to A- = -2, -1, 0, +1, +2, are
osirved. These spectra reflect the rotational populations of the ground
Etate (X 1Z, v = 0) depending on the degree of rotational cooling which
i',creases along the free jet. 4

1. C.T. Rettner, E.E. Marinero, R.N. Zare, and A.H. Kung,
J. Phys. Chem. 88, 4459-4465 (1984)
.q. Campargue, J. Phys. Chem. 88, 4466-4474 (1984)

>. G.C. Bjorklund, I.E.E.E. J. Quantum Electron. QE--11, 287 (1975)
C. Flytzanis, Qu-ntum Electronics, Rabin and Tanp, Eds. (Academic PrEss,
New York, San Francisco, London, 1975). Chap. 2. pp. 9-207

-. P. Campargur, M.A. Gaveau, and A. Lth(-hot, Rarefied Gus Dynamics,
H. Opuchi, Ld. (Univ r ity ol l Kyi Pre-s', 18b4). V,11. 11, pp L, 1 -,S,

-------------------------------------------------------------------------------



REACTIVE COLLISION 0 + H 2 - OH + H

WITH ELECTRONICALLY EXCITED STATES IN A CROSSED BEAM EXPERIMENT

J. Marx, A. Leb~hot, R. Campargue

Laboratoire des Jets Mol6culaires
CEA-IRDI-DESICP-DPC-SPP

Centre d'Etudes Nuclhaires de Saclay, 91191 Gif-sur-Yvette, CEDEX, France

Electronically excited state channels in a reacting triatomic system

are of fundamental interest, but difficult to investigate in crossed beam
experiments, due to the lack of Kinetic energy for crossing the encountered
thresholds or activation barriers. The system 0 + H2 is studied in the

channels

D(3 P) + H 2(X 1 , v) - OH(X 2I + H (1)

1 1 2
0( D) + H 2(X E, v) - OH(X2I) + H (2)

OH(A 2 +) + H (3)

Reaction (2) is exothermic, while reactions (1) and (3) are possible only
if an additional energy is provided, for instance by vibrationally exciting
H 2 at least up to v = 1 for reaction (1) and v = 5 for reaction (3).

The reactive scattering experiment is performed by crossing 0 and H 2

supersonic molecular beams skimmed from free jet zones of silence. 1 The ds-
sociatiorn Of -2 ib piuduued by radiofrequency discharge (22 MHz) in the
reservoir of a quartz nozzle with an efficiency of 50 to 80 %, yielding
O(3p) alone in Ar, or O(1 D,3p) in He seeded mixtures, respectively. 2 The
vibrational excitation of H2 is obtained by radiative decay from electronic
states (excited in the H2 beam by means of a coaxial low energy electron
beam) to the vibrational levels of the ground state. The final distributions
are well predicted theoretically.

3

In the experiment currently under way, reaction (3) has been observed
by detecting the overall spontaneous fluorescence signal from OH(A

2 E +)

emitted from the collision zone. The spectral analysis of this fluorescence
is now in preparation. Also, time-of-flight spectra of OH(X 21I), resulting
from reaction (1), have been obtained on the axis of the oxygen beam (0 00).

A complete set of potential energy surfaces has been calculated by
X. Chapuisat and G. Durand at Orsay, for the same reactive systems.

4

References

1. R. Campargue
J. Phys. Chem. 88, 4466 (1984)

2. S.J. Sibener, R.J. Buss, C.Y. Ng, and Y.T. Lee

Rev. Sci. Instrum. 51, 167 (1980)

3. j. Marx, A. Leb6hot, and R. Campargue
C.E.A. Report R-5272 (1984), submitted to J. Physique (Paris)

4. G. Durand
Thesis, University of Paris-Sud, Orsay (1983)
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MDLECULAR BEAM REACTIONS OF ORIENT MOLECULES. Howard S. Carman, Jr.
Philip R. Brooks, Peter W. Harland , Department of Chemistry, Rice Uni-
versity, Houston, TX 77251.

The orientation dependence of the reaction K+CF Br --> KBr+CF, has
been studied using the crossed molecular beam technique. A supersonic
beam of CFaBr is state-selected using a hexapole electric field and then
oriented in the laboratory. The beam of oriented molecules is then
crossed with a thermal beam of K atoms. The laboratory angular distri-
bution of reactively scattered KBr is measured with a differential sur-
face ionization detector for different relative orientations of the
reactants. Reactions at different "ends" of the molecule result in
markedly different angular distributions, with the Br "end" giving back-
ward scattering in the center of mass with a much greater reactive cross
section than the CF. "end" which gives forward scattering. The results
are qualitatively consistent with an electron-transfer "harpoon"
mechanism which was used to explain the reactive scattering of the
K+CFI system (1). There are differences, however, in the results of

* the two systems, possibly indicating a more complicated orientation
dependence for the K+CF.Br reaction. The recent experimental results
for CF.Br will be presented and contrasted with the earlier, more exten-

sive, CFI results.

**Robert A. Welch Predoctoral Fellow
Permanent Address: Department of Chemistry, University of Canterbury,
Christchurch 1, New Zealand.

(1) Philip R. Brooks, John S. McKillop, H. Gary Pippin, Chem. Phys.
Lett. 66, 144, (1979).
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The Effect of Intramolecular Coupling in Malonaldehyde
via a Synthesis of the Reaction Surface Hamiltonian and

the Kinetic Coupling Model

Tucker Carrington and William H. Miller
Department of Chemistry
University of California

Berkeley, California

The intramolecular hydrogen atom transfer in malonaldehyde
involves two strongly coupled anharmonic degrees of freedom.

H

4 0

The dynamics is not dominated by motion along a one-dimensional

path and a reaction path treatment is insufficient. Rather than

approximating the potential energy surface by a multi-dimensional

harmonic valley about a one-dimensional path it is better to

approximate it with a harmonic expansion about a two-dimensional

surface. The potential is more accurately represented by
assuming that it is quadratic in displacements of internal

coordinates from their values on the reaction surface (the two-

dimensional analogue of the reaction path) than by assuming that

it is quadratic in Cartesian displacements. The Hamiltonian is
written in terms of two coordinates r1 and r 2 which specify the

location of a point on the two-dimensional reaction surface,

Qk local normal mode coordinates, and their conjugate momenta.
The normal mode coordinates are linear combinations of

displacements of internal coordinates from their values on the
reaction surface chosen so that they represent motion orthogonal

to the reaction surface. This internal coordinate version of the

reaction surface Hamiltonian (J.C.P. 81 3942 (1984)) combines
advantages of the reaction surface idea and the kinetic coupling

model (used for example by Sibert et.al., J.P.C. 87 2032 (1983)
and J.C.P. 81 1115 (1984)). "-

..... .. .. . .- .. ... . ....... .



6

Theory of Multiphoton Excitation of

Methane in Intense Laser Fields
by

Johnny Chang and Robert E. Wyatt

Department of Chemistry and Institute for Theoretical Chemistry
The University of Texas

Austin, Texas 78712

Abstract

The quantum dynamics of methane in an intense laser field is

investigated through the time dependence of band transition
L probabilities, photon number absorption, and their long-time-

averaged analogs. A local mode Hamiltonian is used to describe the

stretch vibrational spectrum of methane, and this "ladder" of stretch

states is shown to be inefficient for state-resonant excitation because

of a vibrational bottleneck. Enhancement of multiphoton excitation

due to rotational motion is demonstrated. Novel methods from

artificial intelligence are implemented in conjunction with the

Recursive Residue Generation Method' to treat this large basis size

problem.

'A. Nauts and R. E. Wyatt, Phys. Rev. A 30, 872 (1984).

b.

. . . - - -- - - - --

• . -... '• .. ,.. .. ,'...Ab_:"".... ....... , .......... .".'. .. '.'...."..



/o5A -"

Conformational Kinetics of Methyl Nitrite

Collisional Energy Transfer in the Bimolecular Region

Jean Paul Chauvel, Jr., B. Ri. Friedman, Hoa Van, Eric D.

Winegar and Nancy S. True

Department of Chemistry, University of California

Davis, CA 95616

Pressure dependent bimolecular region unimolecular rate

constants for the syn-anti conformer exchange in gaseous methyl

nitrite and in methyl nitrite bath gas (He, Ne, Ar, H2P N2, 02,

CO, CO2 ,  NH3P SF6 CH4 C2 H6 C3 H 8, n-C4H o ,  and n-C5 H 1
mixtures were obtained from lineshape analysis of 200 MHz H NMR

spectra. The pressure dependent rate constants were analyzed to

yield relative bimolecular region collisional activation

efficiencies. The resulting efficiencies indicate that, for

methyl nitrite conformer exchange (1 =11.7(0.4) Kcal/mol,

p(r )=160 states/cm ), which is a reaction that appears to
0

follow RRKM kinetics, the intermolecular energy transfer is

dominated by the attractive portion of the intermolecular

potential, with the intermolecular vibrational energy transfer

being statistical.

Additional studies in the bimolecular region have

provided information about the bimolecular region Arrhenius

activation energy and the threshold energy to reaction

(t =11.2(0.2) Kcal/mol, L =11.7(0.4) Kcal/mol). At pressures
a o

below ca. 15 torr, the reversible nature of the reaction allows

for multiple reactions of energized molecules, resulting in

deviations from the RRKM predicted falloff.

References

(1). J. P. Chauvel, Jr., C. B. Conboy, W. M. Chew, G. B. Matson,

C. A. Spring, B. D. Ross, and N. S. True, J. Chem. Phys.,

80, 1469 (1984).

(2). J. P. Chauvel, Jr., B. Ri. Friedman, H. Van, E. D. Winegar,

and N. S. True, (J. Chem. Phys., in press).
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Laser-Assisted Charge-Transfer Reactions (Li3+ + 14):

Coupled Dressed-Quasimolecular-State Approach

J" *]

Shih-I Chu

Department of Chemistry, University of Kansast

Lawrence, Kansas 66045-2112 and
U Joint Institute for Laboratory Astrophysics, University of Colorado

and National Bureau of Standards, Boulder, Colorado 80309

and

Tak-San Ho and Cecil Laughlin

Department of Chemistry, University of Kansas
Lawrence, Kansas 66045-2112

A semiclassical coupled dressed-quasimolecular-states (DOMS) approach
[1,2] is presented for nonperturbative treatment of multichannel charge-
transfer reactions at low collision velocities and high laser intensities,
incorporating the implementation of the generalized Van Vleck (GVV) nearly
degenerate perturbation theory [2]. The GVV technique allows block parti-
tioning of the infinite-dimensional Floquet Hamiltonian into a finite-
dimensional model DQMS space, and thereby reduces greatly the numher of
effective coupled channels. Further, the GVV-Floquet basis allows mini-
mization of the (usually large in amplitude) field-induced nonadiabatic
radial couplings without the need to explicitly construct the transforma-
tion between the adiabatic and diabatic DOMS basis. This yields a new set
of coupled GVV-DQMS equations (neither adiabatic nor diabatic) which are
particularly convenient for multichannel calculations '21. The method is
applied to the study of the laser-assisted charge-transfer process:
Li + + H(Is) + fiw , Li2+(n=3) + H+ , using 2-, 5-, and 15-GVV-DOMS basis.
It is found that while the 5-state results agree well with the 15-state
calculations even up to very high intensities for the (LiH)3+ system, the
2-state basis is inadequate at high-intensity and lower-wavelength re-
gimes. Detailed results and nonlinear dynamical features are presented

r [21 for the process at small impact velocity 107 cm/s and strong laser
fields with intensity ranging from 1 to 100 TW/cm 2 and wavelengths from
1500 to 3000 A.

[11] T. S. Ho, S. I. Chu and C. Laughlin, J. Chem. Phys. 81, 788 (1984).
[21 T. S. Ho, C. Laughlin and S. I. Chu, Phys. Rev. A (July, 1985).

*1985 JILA Visiting Fellow.

tPermanent address.
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1985 Conference on the Dynamics of Molecular

Collisions, Snowbird, Utah, July 14-19

CLASSICAL MECHANICAL SIMULATION OF
ROTATIONALLY INELASTIC COLLISIONS

David L. Cochrane and Donald G. Truhlar
Chemistry Department and Supercomputer Institute,

University of Minnesota, Minneapolis, MN 55455

and Sheldon Green
NASA Goddard Institute for Space Studies,

New York, NY 10025

A classical trajectory code was completely restructured to allow for
efficient vectorization on a Cray-i supercomputer. This code was used

*" to calculate the rotational energy transfer rate constants for collisions
" of rotationally excited CO, with initial rotational quantum number j=10

or 20, and Ar. 1 The poster presentation will include a discussion of
vectorization techniques for classical trajectory calculations. In future
work the converged classical rates will be compared to quantal calculations
employing a sudden approximation and used to test scaling relations based
on the energy-corrected sudden approximation.

2

This work was supported in part by the National Science Foundation
band the University of Minnesota Supercomputer Institute.

1
Chapman, S. Green, S., "Rotational excitation of linear molecules
by collisions with atoms: Comparison of classical and quantum methods",
J. Chem. Phys. 67, 2317 (1977).

Green, S. and Chapman, S., "Accuracy of the IOS approximation for
highly inelastic R-T collisional energy transfer. CO-Ar", Chem. Phys.
Lett. 112, 436 (1984).

-. . . . . . .
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ROTATIONAL-STATE-SPECIFIC ENERGY TRANSFER IN OH AND OD

Richard A. Copeland, Mark J. Dyer and David R. Crosley
E Molecular Physics Department

SRI International
Menlo Park, CA 94025

Im2 +
Rate constants k for collisional quenching of A 2 E v1=0 OH and OD

have been measured for specific rotational levels N' of the radical and a

wide variety of collision partners. Measurements were made of the time-

dependent laser-induced fluorescence signal in a low pressure discharge

flow at room temperature. We observe a decrease in k with increasing

1 2 Q
rotational quantum number for most quenchers. The internal levels of

the collision pairs appear unimportant from experiments involving
deuterium substitution. A comparison of rotationless rates for different

colliders, kQ(N=O), with calculations based on collision complex formation

indicate that attractive forces play a role in the quenching process.

Preliminary infrared-ultraviolet laser double resonance experiments

have been performed on the ground state of OH. Transfer between

neighboring X-doublet components and a strong propensity for retention of

the X-doublet component during rotational transfer have been observed for

collisions of OH(X2 1, v=2) with H20.3

Support: National Aeronautics and Space Administration under contract

NASI-16956.

r i1. S. McDermid and J. B. Laudenslager, J. Chem. Phys. 76, 1824(1982);

R. A. Copeland and D. R. Crosley, Chem. Phys. Lett. 107, 295(1984).

2 R. A. Copeland, M. J. Dyer and D. R. Crosley, J. Chem. Phys. in press.

3 R. A. Copeland and D. R. Crosley, J. Chem. Phys. 81, 6400(1984).
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Propensity Rules in Collisions of Open-Shell Molqcules: /1 "

Novel Quantum and Classical-Limit Studies

Gregory Corey, Jane Smedley, Andrew Smith, and Millard Alexander

Department of Chemistry
and

Institute for Physical Science and Technology
University of Maryland
College Park, Maryland 20742

Over the past decade there have been a number of articles devoted
to the development of the quantum theory of collisions involving open-
shell molecules. Energy transfer in these systems has a richness not
seen in closed-shell systems, due tu the multiplet structure of the
rotational levels which arises from the coupling between the rota-
tional motion of the molecule and the spin and/or electronic orbital
angular momentum of the unpaired electrons. One of the most exciting
advances in this area has been the development of general collisional
propensity rules governing the relative magnitudes of cross sections
for transitions between these various multiplet levels. The validity
of these propensity rules is independent of the interaction potential
of the particular system in question.

In our previous work, the development of these propensity rules
has depended on the use of the Infinite-Order-Sudden limit to the
quantum close-coupled equations. We shall show, using a vector
recoupling of the various angular momenta which play a role, that a
more general derivation can be made, which is independent of any dyna-
mical approximations. In doing so, we make use of a new expansion of
the cross sections in terms of tensor opacities which are independent
of the electronic spin. These tensor opacities are proportional to
the probability for reorientation of the nuclear rotational angular
momentum during the collision. This will also allow us to predict the
expected strength of these propensity rules for several physically
reasonable models for the tensor opacities.

Another result of the present theoretical work is the development
of classical limit techniques for the study of open-shell systems.
This will allow conventional classical trajectory techniques to be
used to study energy transfer in open-shell systems, without
neglecting the quantum mechanical degrees of freedom imposed by the
unpaired electrons. The key lies in the calculation of the spin-
independent tensor opacities by standard trajectory techniques, while
using conventional angular momentum algebra to fully account for the
electronic spin degrees of freedom, which introduce a purely geometri-
cal, nondynamical effect.

Research supported by the National Science Foundation, Grant

CHE84-08528 and by the U. S. Army Research Office, Grants
DAAG29-84-G-0078 and DAAK29-85-K-Ols.
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DYNAMICS OF THE REACTIONS C + NO AND C + N20.

LXPLRIMENIS WIIH CROSSED PULSED MOLECULAR BEAMS AND IHEURE[ICAL APPROACH

, - M. Costes, C. Naulin, G. Dorthe, J. Joussot-Dubien
U.. 4 : Photophysique, Photochimie Mol~culaire

C. Vaucamps, G. Nouchi
U.A. 283 : Centre de Physique Molculaire Optique et Hertzienne

M.T. Rayez, P. Halvick, B. Duguay, J.C. Rayez
U.A. 503 : Physico-Chimie Theorique

Universite de Bordeaux I, 33405 Talence, France

The dynamics of the C + NO CN + 0 and C + N20 - CN + NO reactions

are reinvestigated using pulsed supersonic crossed molecular beams. Atomic

carbon seeded in a supersonic expansion of argon is produced by laser

vaporisation of graphite. CN radicals are probed by the laser induced

fluorescence technique. The energy partitioning into the CN product is

determined for various kinetic energies of the reactants. These results

are compared with those of classical trajectories made on analytic

* potential energy surfaces fitted from quantum mechanical calculations.

I



HIGH KINETIC ENERGY (1-5eV) LASER SUSTAINED NEUTRAL ATOM BEAM

JON B. CROSS AND DAVID A. CREMERS

Los Alamos National Laboratory

Los Alamos, NM 87545

Development of high energy (1-5eV) neutral atom beams has

relied primarily upon the use of charge exchange or DC/RF
discharge techniques. We will describe the use of laser

sustained plasma technique for producing high intensity

(>10 15/cm2-s) and high translational velocity (>4km/s) atomic

beam species for use in gas-surface scattering experiments.

Laser sustained plasmas have demonstrated temperatures of

12,000 K in xenon and 30,000 K in helium and when coupled with

hydrodynamic expansion techniques will be capable of producing
molecular beam velocities greater than 10 km/s for a wide

variety of species. Initial experiments with xenon using 70

watts of CO2 laser power have demonstrated beam kinetic
temperatures of 8-9,000 K with Mach numbers of 4-5 resulting in

peak velocities of 1.5km/s. Extrapolation of these results to

helium predicts that velocities in excess of 10 km/s are

possible but will require the use of 1-2 kW of CO2 laser power.

Experiments performed with a 1/2 kW CO 2 laser will be

described.

. . . . ....- . . .- ', . . . '.. .*..----' ..-.- .. * : .. , . '.., , < [ . .



A Discrete Sudden Perturbation Theory

for Inelastic Scattering /
R.J. Cross

Yale Chemistry Dept., Box 6666, New Haven, CT 06511

The infinite-order sudden (IOS) approximation has long

been popular because of its great simplicity and speed.

However, it is not very accurate in many cases. A perturbation

theory based on the IOS is difficult because one of the pertur-

bations is a change in energy which persists out to R=- and

thus causes an infinite result. In the present work this dif-
ficulty has been circumvented by using a double perturbation

theory. First, the elastic contribution due to the spherically

averaged potential is removed. The radial wave functions are

expressed in terms of the well-behaved and the singular, solu-

tions for elastic scattering, and a set of equations are ob-
C tained for the coefficients. This removes the rapid

oscillations from the scattering matrix due to the elastic

phase shift. Next the equations are transformed to the IOS

representation in two steps. First they are transformed from
the space-fixed representation to the body-fixed representa-

tion, nearly diagonalizing the orbital angular momentum. Then,

the internal quantum numbers are approximately diagonalized us-

ing the discrete variable transformation of Parker, Lill, and

Light. This same set of operations can be done for the IOS

approximation to yield a set of diagonal equations which are

easily solved. Finally, the true coefficients are expressed in

terms of the IOS values to yield a perturbation on the IOS. The

equations converge very nicely. Because the perturbation is
small, they can be solved accurately by an exponential pertur-

bation theory. Calculations for Ar+N 2 are are very much more

*i accurate than either the IOS or a straight exponential pertur-

- bation theory.

The quantal theory has been made into a variation on the
exponential time-dependent perturbation theory. Here again,

only the perturbation on the IOS is treated as an approxima-

tion. In this case, however, the perturbation is calculated as
an integral on a classical trajectory, and this requires much

less computer time than the fully quantal calculation.
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Collision-Induced Transitions between Molecular Hyperfine Levels: Quantum

Formalism, Propensity Rules, and Experimental Study of CaBr(X 2 +) - Ar

Paul J. Dagdigian
Department of Chemistry

The Johns Hopkins University
Baltimore, Maryland 21218

Millard H. Alexander
Department of Chemistry

University of Maryland
College Park, Maryland 20742

As an extension of our previous theoretical1 and experimental 2' 3 work on
collision-induced transitions between rotational and fine-structure levels in
open-shell molecules, we present here the general treatment of collisions of a
molecule with hyperfine structure. We also show that in hyperfine-resolved
collisional transitions the propensity rule .^F = Aj should be obeyed, as is
well known for radiative transitions. Use is made of the recoupling technique
recently employed by Corey and McCourt to allow the F+F' sections to be
expressed in terms of spin-free tensor opacities.

In addition, we also report the first experimental study of hyperfine-
resolved inelastic 5 ross sections involving a molecular species, namely
collisiQn5 of CaBr(X + ) with argon. This is an extension of our previous
studiesz '  of CaCI(X 2 7+ ) collisions without resolution of hyperfine level.
Here, we take advantage of the fact that CaBr has resolved hyperfine structure
in its electronic spectrum and that an electric quadrupole state selector
selectively refocuses different hyperfine levels. 5  The relative final
hyperfine level populations have been determined for several collisional
transitions. These results clearly display the AF = AJ propensity rule and
disagree with the Mj-randomization model, which predicts a statistical F'
distribution. The experimental relative F' populations agree nearly
quantitatively with a simulation of the experiment using the previously
determined 3 CaCl(X23+) - Ar tensor opacities.

This work has been supported in part by the National Science Foundation
under grant CHE-8405P28.

I. M.H. Alexander, J. Chem. Phys. 76, 3637, 5974 (1492); M.H. Alexander and
S.L. Davis, ibid. 79, 227 (1983)7T-M.H. Alexander and P.J. Dagdigian, ibid.
79, 302 (1983); M.H. Alexander and B. Poullly, Ibid. 79,1545 (1983).

2. S.J. Bullman and P.J. Dagdigian, J. Chem. Phys. 81, 3347 (1984); P.J.
Dagdigian and S.J. Bullman, Ibid. 82, 1341 (1985).

3. M.H. Alexander, S.L. Davis, and P.J. Dagdigian, J. Chem. Phys., submitted.

4. G.C. Corey and F.R. McCourt, T. Phys. Chem. 87, 2723 (1983); G.C. Corey,
J. Chem. Phys. 81, 2678 (1984).

5. S... Bullman and P.J. Dagdigian, Chem. Phys. 88, 479 (1984).
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ADIABATIC APPROACH TO POLYATOMIC PHOTODISSOCIATION:
APPLICATION TO C2N2*tI

C. E. Dateo,t M. DupuisT V. Z. Kresin, and W. A. Lester, Jr.t
Materials and Molecular Research Division

Lawrence Berkeley Laboratory, University of California
Berkeley, California 94720

Recent experimental studies indicate that C2N2 undergoes indirect

photodissociation between 164 and 158 nm proceeding via

C 2 N 2( EI) + hv * C 2N 2(C i u  CN(X 2E+) + CN(A IT) (1)

Fragment vibrational distributions have been reported for several

wavelengths.1,2 A main goal of the present theoretical effort is the

evaluation of these distributions.

An adiabatic approach has been developed3'4 which enables process

(1) to be treated as a quantum transition in which the fragment distri-

butions are evaluated in a golden rule formalism. The method explicitly

treats the coupling between the relative and internal motion of the

fragments. The vibrational frequencies and equilibrium bond lengths of

E the fragments are found to depend on the interfragment distance.

The theory has been applied to the collinear predissociation of

C2N2(C 
1 u). Ab initio minimum basis set multiconfiguration

Hartree-Fock (MCHF) calculations were performed to obtain molecular

geometries, vibrational frequencies, and force constants of the C

* quasidiscrete state and the CN fragments.

Computed vibrational distributions of the photofragments will be

reported and compared to experiment. The validity of the approximations

used and the sensitivity of results to the ab initio data will be

discussed.

1. G. Miller, W. Jackson, and W. Halpern, J. Chem. Phys. 71, 4625 (1979).
2. M. R. Taherian and T. G. Slanger, J. Chem. Phys. 81, 3814 (1984).
3. V. Z. Kresin and W. A. Lester, Jr., J. Phys. Chem.-86, 2182 (1982).
4. V. Z. Kresin, W. A. Lester, Jr., M. Dupuis, and C. E. Dateo, Int. J.

Quant. Chem. Symp., 18, 691 (1984).

*This work was supported by the Director, Office of Basic Energy
Sciences, Chemical Sciences Division of the U.S. Department of Energy

tunder Contract No. DE-ACO3-76SF0098.
Also: Department of Chemistry, University of California, Berkeley
TPresent address: IBM Corporation, Kingston, NY 12401
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A MODEL FOR THE REACTIONS OF NON-METAL ATOMS.

Paul Davidovits
Boston College
Department of Chemistry
Chestnut Hill, MA 02167

The rates for the gas phase reactions of non-metal atoms
with simple molecules measured in several laboratories

(including ours) display puzzling patterns. For example, Boron
and the group IV elements C, Si, Ge and Sn all react readily
with 0 . Reaction cross sections are close to gas kinetic. Of
these atoms C, Si and Ge react also with N 20, but the reactivity

of B and Sn with N 0 is a thousand times smaller. Furthermore,
2in the case of B and Sn a large fraction of the reactions that

do occur produce electronically excited oxide molecules. A

* model is presented which provides a qualitative explanation for

these as well as several other observations. The model suggests

that hindrances in the entrance as well as in the exit channels

- of the reaction are produced by the local electron density

distributions. The basic features of the model are

substantiated by MNDO computer calculations of the parameters

relevant to the reacting systems.

. . . . . . . . . . . . . . . . . . . - .. . * . .
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BOTTLENECKS TO INTRAMOLECULAR ENERGY TRANSFER AND THE

CALCULATION OF RELAXATION RATES*

Michael J. Davis

Chemistry Division
Argonne National Laboratory

Argonne, Illinois 60439

A recently developed theory of MacKay, Meiss, and Percival [Physica D 13, 55
(1984)] and Bensimon and Kadanoff [Physica D 13, 82 (1984)] is applied to the intra-
molecular relaxation of highly excited, collinear OCS. This theory, which was orig-
inally developed to understand the long time relaxation of mappings, possesses
many of the features of statistical theories of reactions. Bottlenecks, dividing sur-
faces, and transition states are all part of the theory, which we employ here to
describe the relaxation dynamics of collinear OCS. In particular, the theory is used
to find a bottleneck to intramolecular energy transfer, generate a dividing surface,
derive the flux across this dividing surface, and then calculate the rate across it. A
simple kinetic model then employs this rate to accurately predict the rate of relax-
ation for collinear OCS. At present the theory is purely classical mechanical, has
only been applied to systems of two degrees of freedom, and has only been used to
describe the dynamics of bound systems. We discuss extensions of the theory in
these three areas.

b *Work performed under the auspices of the Office of Basic Energy Sciences,
Division of Chemical Sciences, U. S. Department of Energy, under contract W-31-
109-ENG-38.
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Dissociation on Solid Surfaces: H2-Ni /1q14
Chyuan-Yih Lee and Andrew E. DePristo

Department of Chemistry and Ames Laboratory
Iowa State University

Ames, Iowa 50011

A thuuretical treatment of the dissociation of small molecules on metal sur-
faces requires: 1. a physically correct description of the interaction
potential for all arrangements, and an easily computed form for such a po-
tential; 2. a non-perturbative description of the motion of the molecule -

and a small number of primary surface and sub-surface atoms, and a consis-
tent coupling of the primary atoms to the remaining solid atoms.

We present a many-body expansion of the gas atom-solid surface interaction
potential that provides an accurate PES in which the atom-solid atom dis-
tances are the only independent variables. This yields a flexible PES form
which can be transferred among different surface faces simply by changing
the positions of the solid atoms. Symbolically, we have

vAM(XAX) = I v,4)(IA-WI + I I vM)(; A-iII*-jl)+
: I + , - .

where A and ={i, i=l,...N} are the positions of the gas atom and the N
solid oms, respectively, and the two and three body interactions are v
and vO . From the atom-surface interactions A...M and B...M, we determine
the Tolecule-surface interaction, A-B...M using the modified 4-center LEPS

form

A,xB,-) = QAB + QAM + QBM - (JAB(JAB - JAM - JBM ) + (JAM + JBM)]

where Q and J are couloumb and exchange integrals. These are given in terms
of the attractive and repulsive portions of the appropriate interactions by

Q + J = V = v(repulsive) - v(attractive)

Q - J = (v(repulsive) + v(attractive)) (1-A)/2(1+A)

where A is the Sato parameter.

An illustration of this many body expansion method is presented for
H -Ni(100) where the potential parameters are de ermined from input data on
cemisorbed H-Ni(100) and physisorbed H2-Ni(100) . Two body morse poten-
tials and three and four body exponential forms were used. The dissociation
reaction is studied on the Ni(100), Ni(110) and Ni(111) faces using classi-
cal trajectory techniques, a 13 atom solid primary zone and > 100 secondary

atoms. A consistent set of GLE parameters is determined via projection
operator analysis of the solid's frequency matrix . Features influencing
the variation of reactivity with kinetic energy, internal rovibrational
state of H2 and the exposed surface are discussed.

1. J. N. Murrell, et al. Molecular Potential Energy Functions, (John Wiley,
1985).

2. J. H. McCreery and G. Wolken, J. Chem. Phys. 63 (1975) 2340.
3. T. H. Upton and W. A. Goddard, III, Phys. Rev. Lett. 42 (1979) 472; V.

I. Avdeev, et al. Surf. Sci. 95 (1980) 391.
4. A. E. DePristo, Surf. Sci. 141 (1984) 40.
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n On the Solution of the MultiChannel Schrodinger Equation

Paul L. DeVries
Department of Physics
Miami University
Oxford, OH 45056

Recently, a quasi-numerical technique was developed to
determine Magnus-like propagators for the Schrodinger
Equation, to high order in the step size. In conjunction

L with a judicious choice of curve fitting, the derived
propagators were1successfully applied to a model, single
channel problem. (With the same effort, results five
orders of magnitude more accurate than the first order
Magnus method were obtained.) These propagators have now
been applied to a multichannel problem; the results of
this application, as well as details of the implementation
of the method, will be presented.

Paul L. DeVries, Molec. Phys., in press.
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ION MOLECIULE REACTIONS INSIDE METHANE CLUSTERS

INITIATED BY PHOTOION ISATION

A. Ding, R. Cordis and R.A. Cassidy

Bereich Strallenchemie, Hahn Meitner Inst itut, Berlin FRG

lonisation of clusters generated in an supersonic expansion

of Ar-CH 4-mixtures leads to a series of ion products, which

are formed by reaction of the ionised cluster constituents.

The following reaction channels have been observed:

CH ) + iv --- ((7H ) + (n-k). CH I1
4 m 4 k 4x +

\. (CH ) CH5 + (m-k).CH + CH 121

(CH 4 ) C 2H + (m-k).CH4 *2H 2  131* € 4k- 244 2
+

(CH ) C H 5 + (m-k-1).CH + CH 141
4 k-2* 25 4 314+

(CH 4) Ar + (m--k).CH 4 + (n-l).Ar 151

CH Ar +hv (CH) Ar CH5+ (m-k).CH (n-L).Ar+CH 161
Am' n 4 k-V F 5 4 3

" Photoionisation efficiency curves have been obtained for a number

of different products and threshold energies for the different

reactions have been extracted from these data.

When comparing these results with the dynamics of the analogous

- iioi molecule reactions it is found that reaction 131 is not

observed at all in the gjas phase while reaction 141 appears

at a much lower threshold for k,3. This is probably due to the

cage effect of the remaining molecules in the cluster. Futher-

more it can he shown that reactions inside mixed clusters, 151

and 161, will proceed via two different channels, each

proceeding via the ionisation of the CH 4 and the Ar constituents

of the cluster, respectivly.

A number of binding onergies for, different cluster ions have

been deduced from the photoionisation efticiency curves.

T.. . . . . . . . . . . .- - - - - - - - - -



A PHOTOION-PHOTOELECTRON-COINCIDENCE METHOD FOR THE INVESTIGATION

OF VAN-DER-WAALS CLUSTERS

A. Ding, J. HeBlich, K. Kretschmar and L. Cordis

Bereich Strahlenchemie, Hahn-Meitner-Institut, Berlin FRG

p

Photoionisation experiments have been performed to investigate

atomic and molecular clusters. A photoion--photoelectron-coin-

cidence technique has been used to obtain time-of-flight mass

spectra:

Monochromatized light from a synchrotron source (Berlin Electron

Storage Facility BESSY) produces pairs of cluster ions and elec-

trons, which are separated into opposite directions by a weak

homogeneous electric field. The electrons are detected by a

channeltron electron multiplier generating a short electronic

pulse which serves as the start pulse for a time-of-flight

mass spectrometer. Due to the particular design of the extraction

field only electrons below a certain energy (between 0.03 and

0.3 eV), determined by the magnitude of the extraction field,

are efficiently collected.

Mass spectra of Ar-, Kr , and N 20-clusters generated in a

supersonic expansion from a high pressure nozzle have been taken

as a function of photon energy. Only such processes are detected

which produce electrons with negligible energy; therefore, the

total amount of energy dissipated in the cluster ion corresponds

to the photon energy. It is apparent from the experimental data

that the measured distributions show distinct maxima which become

more prominent when lowering the photon energy (ant therefore

the energy dissipated into the cluster ion). Near threshold

only a few cluster sizes remain; these depend on the cluster

mL. erial (N 0: n-7; Ar,Kr: n=16) and are not identical with

previously found magic numbers in cluster ion mass distributions

generated with conventional ionisation techniques.

,-



THEORETICAL STUDY OF VIBRATIONAL RELAXATION IN MOLECULE - SURFACE
COLLISIONS USING THE DEFORMATION RESONANCE APPROACH

G. Doyen
Institut fur Physikalische Chemie der Universitat,

Theresienstr. 37, D-8000 Munchen, FRG

Vibrational deactivation probabilities for collisions of CO, CO2 and
NO with various surfaces have recently been reported [1]. As possible
mechanisms electron-hole pair formation, vibration-to-rotation energy
transfer and excitations of phonons are discussed. In order to examine the
relative importance of these various channels, a theory is needed which
treats all of them consistently and on equal footing. Such an approach is
provided by the deformation resonance model [2] in which all degrees of
freedom are described quantum mechanically and the Hamiltonian is split
into three parts. The localized part describes the gas molecule if it is
near to the surface and contains the interaction with the electron-hold -

pairs and the phonons. The delocalized part describes the gas molecule if
it is far from the surface. The interaction term imbeds the localized
problem into gas-particle scattering states. This supplies a clear picture
of the inelastic collision: The molecule penetrates the surface region and
perturbs the electronic and vibrational structure of the surface. The
deformation relaxes by phonon emission (or absorption) and electron-hold -

pair formation. The gas molecule either sticks or is pushed back into the
vacuum inelastically. The scattering mechanism is determined by the
properties of the deformation resonance. Using the Franck-Condon factors
for the phononic, electronic, vibrational and rotational relaxation, the
wave function of the deformed state is calculated numerically in a self-
consistent way. For the electronic part a previously developed chemisorp- -

tion model [3] has been used. The calculations, which are of qualitative
nature presently, have been performed for CO and NO on silver.

[1] J. Misewich, C. N. Plum, G. Blyholder, P. L. Houston and R. P.
Merrill, J. Chem. Phvs. 78, 4245 (1983); V. A. Apkarin, R. Hamers,
P. L. Houston, J. Misewich and R. P. Merrill, Proceedings of the
Seventeenth Jerusalem Symposium, 1984; A. H. Zacharias, M. M. T. Loy
and P. A. Roland, Phys. Rev. Lett. 49, 1790 (1982).

[2] G. Doyen and T. B. Grimley, Surf. Sci. 91, 51 (1980); G. Doyen,
G. Ertl, H. Robota, J. Segner, W. Vielhaber, F. Frenkel, J. Hager,
W. Krieger and H. Walther, J. Vac. Sci. Technol. Al, 1269 (1983).

[3] G. Doyen and G. Ertl, J. Chem. Phys. 68, 5417 (1978).



Interaction potentials for rare gases on flat and stepped

transition metal surfaces

D. Drakova+and G. Doyen

Institut fur Physikalische Chemie, Universitjt M1nchen,

Theresienstr. 37, D-8000 Mhnchen 2, FRG

+ Perm. Address: University of Sofia, Faculty of Chemistry,

Sofia, Bulgaria

Self-consistent non-perturbative calculations are carried

out for interaction potentials of helium and neon with

flat and stepped transition metal surfaces.

The metal surface is described by a cluster of about 300

atoms embedded in a jellium model described by Sommerfeld

wave functions. This allows for the dispersion of the metal

electrons and local electronic effects at the same time.

The interaction with the d-electrons is included in a consistent

way. For flat surfaces corrugation is found to be approximately

proportional to the d-electron charge density. The attractive

part of the potential arises largely through the hybridization

". of the rare gas orbitals with the unoccupied metal states.

This interference energy is roughly a factor two larger for

* neon than for helium, leading to larger corrugations of the

neon potentials. Image force effects are found to be important

for the corrugation and softness of the neon potentials.

The charge density for the stepped surfaces exhibits

- oscillations near the step and a pronounced Smoluchowsky

effect. Compared to the flat surface case the rare gas

binding energies are increased right at the step and decreased

-S. further out on the low terrace.

r



DYNAMICAL ANALYSIS OF THE COMPETITIVE CHANNELS IN THE
Cl +H2 REACTIVE COLLISIONS

M.BARAT+ , J4C.BRENOT
+ , M.DURUP-FERGUSON ,J.A.FAYETON

J.C. HOUVER , J.B.OZENNE

+L.C.A.M. (LA 281) *PHYSICO CHIMIE DES RAYONNEMENTS(LA 75)
UNIVERSITE DE PARIS SUD - 91405 - ORSAY - FRANCE

At low collision energy the Cl +H2 system gives
rise to 4 endothermal channels: 2

reaction HCl + H (2.91eV)(R)
reactice detachment HCl+H+e- (3.66eV)(RD)
simple detachment Cl+H +e-_ (3.6eV) (SD)
dissociative detachment Cl+H H+e (8.1eV) (DD)

A multicoincident detection of e- and H- with fast
neutrals HCl and Cl issued from crossed beams of fast Cl
ions and supersonic jet of H2, allows a dynamical analysi
of the competition between simple detachment and reactive
processes and between R and RD.

Both R and RD processes give rise to HCI molecules
scattered at the same X angle of 55±10 deg. in the C.M.
frame whatever the collision energy is and independantly
of the rovibrational excitation (E ) of HCI molecule.

The Cl atoms are scatteredrgy SD process at X
angles increasing with the E of H molecules. For X
angle = 55 deg. the SD proces disappears : reactive
processes are dominant.

It is deduced that the reacttve process occur for
a preferential orientation of the H molecules relative
to the Cl velocity vector. They ca be schematized by a
hard sphere sequential impulse model.

In the R process the Er of HCl is limited to the
lowest vibrational levels whereas in the RD process all
the levels which are possible energetically are equally
populated. This aspect of the competition between R and
RD is well accounted for by surface crossing considera-
tions utilizing a transitory autodetaching HCl- state.

.. . . .. . . . ........ ..
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A Quasiclassical Trajectory Study of

The (H + D2)+ System

- Charles W. Eaker and Jennifer L. Muzyka

University of Dallas

Abstract

L" We have applied the quasiclassical trajectory method to

investigate the effect of vibration and translational energy

on the reaction dynamics of H2+ + D 2 and D 2 + H2  Two dif-

ferent vibrational states (-if =0 and 3) of the charged diatom

and five different translational energies (ET = 0.23, 1.1, 2.1,

4.1, and 6.1 eV) are used in this study. Using diatomics-in-

molecules potential energy surfaces, the reaction is assumed

to be diabatic (no charge hopping) until the reactants are

within 8.0 bohrs and then adiabatic. This very simple theore-

tical description of the reaction gives good agreement with

the experimental results.

b r"
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STATEI-SKLCTED [ON-MOLECULE REACTIONS USING MILTIPROTON IONIZATION

Richard J.S. Morrison*, William E. Conaway, Takayuki Ebata and Richard N. Zare,
Department of Chemistry, Stanford University, Stanford, CA 94305

Resonant-enhanced multiphoton ionization is well suited for producing

state-selected ions in case we choose a Rydberg State as an intermediate state.

This is due to the fact that the geometry of the Rydberg State is almost the same

with that of the ion state, so the Franck-Condon factor favors the Av = 0

transition between the two states. This method has great advantages for the

investigation of the dynamics of ion-molecule reactions. We are applying this

method for the study of the reactions of vibrationally state-selected ammonia ions

with various small neutral molecules.

We produce the ammonia ions (NH;+ ND+) by resonant-enhanced 2 + 1

ionization in a pulsed molecular beam of ammonia. Because of the geometrical

changes in going from the pyramidal ground state to the planar intermediate state

(9 or C'Rydberg state) and the planar ion state, the ions are produced in

highly pure, vibrationally-selected states in the v2 unbrella bending mode. The

ions are mass selected by a quadrupole mass filter to eliminate minor contaminants

such as isotopes and they are focussed into the reaction cell containing the

neutral reactant gas. The unreacted primary ions and product ions are mass

analyzed by a second quadrupole mass filter and detected by a channel electron

multiplier array. The reactions are studied both by changing the vibrational

energy of ammonia ion (v2 = 0 - 7) and by scanning the collision energy (0 - 50 eV

laboratory kinetic energy). The reactions we are proceeding are NH3(v2)/D 2 ,

ND 3 (v2 )/NH 3 and NH (v2 )/H20. In the reaction of NH3(v 2 ) + D2 , we

observed both the deutreum abstraction which produces NH3D+ ion and exchange

reactions which produces NH2 D+ ion. At higher collision energy (- 4 eV of center

of mass kinetic energy), the ratio NH2 D+/NH 3D+ increases due to the open of

another channel. In the reaction of ND (v2 ) + NH3 , we observed the hydrogen

abstraction reaction (produce ND3 H+ ion) which was not reported before. We will

discuss the vibrational energy dependence of these reactions.

* Present address: Chemistry Department, Monash University, Clayton, Victoria

3168, Australia
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Effect of Translational and Electronic Energy on the Reactions of the
First Row Transition Metal Atomic Ions with H2, D2, and HD

J. L. Elkind and P. B. Armentrout
Department of Chemistry
University of California
Berkeley, California 94720

An investigation of the title reactions has been performed by
measuring total reaction cross sections as a function of relative
kinetic energy using a guided ion beam technique. These relatively
simple systems provide an empirical view of how the electronic struc-
ture of a transition metal ion influences reactivity, bond strength
and reaction mechanism. By modeling the threshold energy dependence
of these endothermic ion-molecule reactions we are able to extract
bond energies, D.(M+-H), and observe their periodic trends. No
isotope effect, aside from zero point energy differences, is observed
for the reactions with H2 and D2 . However, for the reactions with HD,
each transition metal ion exhibits an interesting and different iso-
tope effect. By varying the conditions in the ion source, reactant
ions are produced in electronically excited states. The HD isotope
effect shows a strong correlation to electron configuration in all
cases. Simple molecular orbital concepts are used to explain these

*results as well as to describe factors which are critical to insertion
into an H2 bond. Supporting evidence from studies of reactions of
non-transition metal ions will also be presented.

"- 'I
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* On the Perturbative Analysis of the Dynamics of Reactive
Collisions

Ian P. Dillon and Larry Eno
Department of Chemistry
Clarkson University
Potsdam, NY 13676

We explore the application of quantum mechanical perturba-
tion theory to the determination of reactive transition proba-
bilities. The very simple problem of particle reflection and
transmission at a one dimensional potential barrier, is examined
over a wide range of energies and for alternate perturbative
schemes. The first scheme is conventional; the second is based
on a quasi-adiabatic (QA) description of the dynamics. We find
that for a choice of model parameter values, loosely based on

* the H+H 2 system, the first (conventional) scheme provides quan-
titatively accurate results. However, at higher system masses,
the first scheme results are in only moderate agreement with
exact results and are highly sensitive to the variation of
distortion potential parameters. For the high system mass case,
the QA results are in much better agreement with exact. However,
the QA results are also highly sensitive to the variation of QA
potential parameters. More recent results will also be discussed.

. . *. . . . .... . . .
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Hydrogen Atom Transfer Reactions of Rare Gas Atomic Ions with H2 , D2 ,
and HD

Kent M. Ervin and P. B. Armentrout
Department of Chemistry
University of California, Berkeley
Berkeley, California 94720

Guided ion beam techniques are used to examine the hydrogen atom
transfer reactions of He+, Ne+, Kr+, and Xe+ with H2 , D, and HD. The
reaction cross sections are measured from thermal energies up to about
20 eV c.m. We have discussed the reactions of Ar

+ previously. 1

It is known that He+ and Ne+ are unreactive with hydrogen at low
energies even though the ground state reactions are very exothermic.
As Mahan pointed out,2 a crossing of the reactant state surface with
the repulsive excited state of H2 prevents access to ground state
products. However, these reactions do occur at elevated energies.
Our results for the He+ + H (D ) reactions are in agreement with an
earlier report3 of an energy t~reshold of about 9 eV. In the previously

unstudied reaction of Ne+, we find nearly identical behavior. In the
reactions with HD, the deuteride product is strongly favored in this

threshold region for both He+ and Ne+.

The translational energy dependence of the state-selected reactions

of Kr+ (2PI/) and (2p3/2) with isotopic hydrogen molecules is reported
for the fir§t time. The J=3/2 ground state has a larger cross

section than the J=1/2 state at thermal and low energies, while the
J=1/2 state reacts faster at energies above a few electron volts. The
intramolecular isotope effect for reaction with HD exhibits several
reversals over the energy range of thermal to 15 eV.

The first observation of the hydrogen atom transfer reaction with
Xe+ is reported here. Our experiments show that xenon reacts at colli-
sion energies above the thermochemical endothermicity for the lower
spin orbit state, but the onset of the reaction at the threshold is
slow. The reaction with HD favors production of XeH+ and shows a +
peculiar double peak in the excitation function for formation of XeD

1. Kent M. Ervin and P. B. Armentrout, J. Chem. Phys., in press.

2. B. H. Mahan, Acc. Chem. Res. 8, 55 (1975).

3. E. G. Jones, R. L. C. Wu, B. M. Hughes, T. 0. Tiernan, and D. G.
Hopper, J. Chem. Phys. 49, 5631 (1980).
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CLASSICAL DYNAMICS OF ACETYLENE AT HIGH VIBRATIONAL STATES

by

Stavros C. Farantos

Department of Chemistry, University of Crete, and Institute of Electronic

Structure and Laser, Research Center of Crete, Iraklion, Crete, Greece.

Abramson et al [1] have recently measured the stimulated emission

pumping from a vibrationally excited state of acetylene at the energy

of 3.5 eV. The observed eigenvalue distribution was found to follow a

Wigner type distribution function which is ore of the proposed criteria

for quantum chaos. At this energy of excitation acetylene can also be iso-

mierized to vinylidene. We have studied the classical dynamics of HCCH by using

techniques of non-linear mechanics; power spectra of the dynarmical vari-

ables, Maximal I.yapunov Characteristic numbers (LCN), and Linearization -

of the difference equations of motion of two initially adjacent trajec-

tories. The potential energy surface which we employ is that of Halonen,

Child and Carter [2] for model II. At the energy of 2.7 eV above the

zpe of acety'ene we find chaotic trajectories which differ in their

maximal LCN. Those trajectories with small LCN can not be isomerized to

vnylidene. This chaotic structure of phase space results in a non-RRKM

behaviour for the iromerization process. At 4.3 eV of excitation the

phase space is mainly covered by one chaotic component.

I E. Abramson, R.W.Field, D.Imre, K.K.Innes and J.L.Kinsey, J.Chem.

Phys. 80, 2298, 1984.

"21 L. Halonen, M.S.Child and S.Carter, Mol. Phys. 47, 1097, 1982.
-- *.1



APPARENT "SUPER-NATURAL" ABUNDANCE OF 13 C /
S. B. Ryall and J. B. Fenn

Yale University

We have been looking at the terminal distributions of rotational energy in
free jets of CO and CO2 by Fourier Transform Infrared Spectrometry in the emis-
sion mode. We take advantage of the fact that vibrational energy in these spe-
cies does not relax appreciably during the free jet expansion. Consequently, by

* heating the source gas to temperatures above 600 K or so we can obtain vibrational
spectra that show the rotational energy distributions of the molecules after they
have reached the collisionless free molecule flow regime. As a general rule
these rotational distributions are markedly non-Boltzmann and we have attempted
to "explain" them in terms of a competition between Rotation-Rotation (RR) and
Rotation-Translation (RT) transfers during the last stages of the expansion. (1,2)

Recently, in an attempt to extend the temperature range of these experiments
to lower translational and rotational "temperatures" we have used a corona dis-
charge to excite vibration in the source gas without adding much energy to trans-
lational and rotational modes. The resulting terminal rotational distributions
are indeed much narrower than when we depend upon thermal excitation. In the
case of CO we obtain vibrational excitation up to the 5th level with a Boltzmann
distribution of the vibrational energy. The rotational distributions are the
same for each level but are non-Boltzmann. In CO2 the excitation of the asymmetric
stretch mode, the one we "see," is pretty much confined to the first level but
the combination banqs are also present. More interesting is the appearance of
a band about 70 cm to the red whose intensity is about 15 per cent of that for
the asymmetric stretch fundamental. This new band is clearly due to emission from
1 3C02 , whose concentration should be only one per cent of the CO2 isomer.
The1  would seem to be three possible explanations: (I) The natural abundance
of YC is higher than the handbooks say; (2) Y have stumbled upon an extremely
effective isotope enrichment effect; (3) the CO2 isomer is somehow preferen-

*tially,5xcited. Only the last of these seems reasonable. We guey that ground-
state CO2 molecules become excited when they encounter excited CO2 molecules.
The excess energy is taken up by rotation in one or both partners. Because the
population of high J levels is so low there are very few suitable collision part-
ners for the reverse step so the vibrational energy is effectively trapped in the
13C02 . This isomer band did not appear in the spectra of thermally excited mole-
cules because the upper J levels were then much more highly populated so that

* collision partners were available for the reverse reaction.
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POSITIVE MUON MOLECULAR IONS AND ION-MOLECULE REACTIONS IN THE GAS PHASE -

D.G. Fleming, M. Semba, I.D. Reid D.J. Arseneau and D.M. Garner
TRIUMF and Department of Chemistry, University of British Columbia,
Vancouver, CANADA

Positive muons thermalizing in gases are found to be in two main

environments: diamagnetic, with fraction fD' or in the paramagnetic
muonium atom (Mu=-+e-), with fraction fMu" These environments are easily
distinguished via their pSR signals, in which detected positrons are
preferentially emitted along the precessing + spin direction in a

tranverse magnetic field. This signal can be thought of in analogy with
free induction decay (X= 1/T 2) in NMR. In noble gas moderators
(M-He,Ne,Ar) the diamagnetic environment is due to the formation of i*

molecular ions (MMu+=HeMu+,NeMu+,ArMu+), in like manner to their more
familiar protonic cousins (HeH+, etc.). In pure moderator, the gSR
signal due to MMu + is very long lived (T 2-50 s) on the 2 .2 ps time scale
of p+ decay. However, upon the addition of trace (-100 ppm) amounts of
some reagent 'X', a two component relaxation is observed, as exemplified
in the Figure for [NeMu+]*+Xe. We have studied these effects for X-Xe,

Kr, NH3, CH4, C2H4, N20 and CH3F
200 p ,o 1o- N al 28e G in He,Ne and Ar moderators. In

C 3 .general the overall relaxation can
be understood in terms of the

02- reaction scheme,
0 1 q , k ' Mu+X++ M

q. XMu++M

.• I , .
-02__ where '*' indicates a (v,J)

excited state and k c and kt are

0 0 02 bimolecular rate constants for
O 05 10 20 2 45 50 55 60 thermal charge exchange and muon

T-e ,,s (20 ns/b- transfer, respectively. The fast
The pSR signal at 288 G in Ne at 1300 Torr with 200 relaxation apparent inkthe Figure

ppm of added Xe. The aolid line is aX2 fit to the data assuming is dircctly related tobut the
two diff ent f t Un, lgviftt A (slow) = 0.044±0.008 ts-' slow relaxation (X1 ) is not;
and A, (as)- 3.1±0.33 pa . inded, k /k is expected to be or

order unity. By measuring
the relaxation rate as a function of [X], the bimolecular rate constants
kc can be determined. The results (10-10ccs- 1) for [NeMu+]*+X are:
Xe(4±1), Kr(7±2), NH 3(26±3), CH (K.02), C 4H4(20-4), N 20(11±2) and
CH2F(9±3). Similar values are ound for [HeMu+]*, albeit about 2.5 times

larger on average, reflecting the expected change in reduced mass. On
the other hand, there is no relaxation seen with [ArMu+]* for any X,
indicating a more deeply bound vibrational state, likely the result of
more efficient quenching collisions with Ar atoms. The lack of any
observable fast relaxation with CH4 (and also Cr 6) is puzzling and
suggests a very fast (perhaps tunneling assistedl) muon transfer reaction
auch that ktkc. "
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DRAMATIC ISOTOPIC MASS EFFECTS SEEN IN MUONIUM REACTIVITY:
Mu+H2 and Mu+C H
D.G. Fleming, DM. Garner and R.J. Mikula
TRIUMF and Department of Chemistry, University of British Columbia,
Vancouver, CANADA

Muonium (Mu=-fe), with an ionization potential and size identical to
Hydrogen but with a nuclear mass only 1/ 9th that of H, can be regarded as
an extraodinarily light isotope of hydrogen. As such, by studying the

P0 thermal rate constants of Mu in comparison with those of the H atom, one
can hope to sensitively probe the effects of isotopic mass on reaction
dynamics. Two limiting situations can be imagined. Typically in the
case of endothermic reactions, the height of the (late) VA barrier is
large and quasiclassical effects dominate reactivity with the result that
kMu<<kH; this is the situation in the Mu+H 2(D 2) reactions. In the other
extreme, typified by exothermic reactions with early barriers, quantum
tunneling effects can dominate with the result that, at low temperature,
kMu>>kH; this is the situation in the Mu+C 2H4 reaction. These two
reactions are compared and contrasted in the Arrhenius plots of Figures 1
and 2, respectively.

0 0

E +8 - ,

• 01 E ICH

1 2
It I

001-
1.0. t .2 t14 1. 6 1. 2.0 20 30 40 50 0 0

O/Tawoe ture (K' IO0/TEMPERATURE (K")

In Fig. I (left), the dashed lines are from variational TET
calculations carried out by Garrett and Truhlar on the Liu-Siegbahn
surface (D.K. Bondi et al., J. Chem. Phys. 76 (1982) 4986). The top line
is for H+H2 and, as previewed above, the rate constants k are much larger
than k,, over the whole T range (-600-850C) studied. More importantly,
at high-temperature the theory reproduces the experimental results for
both Mu+H2 and Mu+D 2 essentially exactly. In Fig. 2 (right), the upper
set of data points are for the Mu+C 2H4 reaction, in the T range
-170-500K; note the pronounced break in the Arrhenius plot at -250K.
Such a break is not observed at all in the corresponding H+C2H4 or D+C2H4
reaction (K. Sugawara et al., Chem. Phys. Letts. 78 (1981) 259);
indeed, at the lowest temperature studied, kMu/kH~ -Tl • This is perhaps
the most unambiguous example yet of the importance of quantum tunneling
in any chemical reaction. On the other hand, at high temperatures, the
ratios kMu /kH/kD are just what is expect classically.

- "....- ..........................-..........."..-..""• - " * " - ..."'" -" -" -" " ..................-. -" " .I.%...*,, ". "%%."
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MUONIUM HOT ATOM CHEMISTRY IN ALKANE VAPORS

D.G. Fleming, M. Semba, D.J. Arseneau and I.D. Reid
TRIUMP and Department of Chemistry, University of British Columbia,
Vancouver, CANADA

As part of its thermalization process, muonium with kinetic
energies>>kBT (i.e., "hot") can undergo certain chemical reactions with
much larger cross sections than those prevailing at thermal energies.
These processes are manifest in the magnitude of the diamagnetic fraction
fD or hot atom "yield" which can be interpreted in terms of a "reactivity
integral" I defined in Wolfgang-Estrup theory by

I = 4E (E)f(E)dE

where a(E) and f(E) are the reactive cross section and distribution
function of hot atoms in the energy interval E2(-ZOeV) - E1 (>k T),
respectively. We have compared hot Mu(Mu*) with hot tritium (T*) yields
for a variety of alkane (RH) moderators in order to establish the
importance of dynamic mass effects in hot atom chemistry. Although we
cannot distinguish individual (Mu*H or Mu*R) yields in Mu* chemistry, a
disadvantage in comparison with T* chemistry, we can delineate hot atom
from thermal reactions, an ambiguity which continues to plague hot tritium
work.

The Table presents the hot atom yields for both Mu* and T* with a
variety of RH molecules as well as the corresponding reactivity integrals 60

I. This is really the first detailed comparison of the effects of
isotopic mass on hot atom reactivity at the most sensitive end of the mass
scale - a factor of 27 between Mu and TI In general, the ratio of hot
atom yields for T*/Mu* are -4/1, which translates into a ratio of
reactivity integrals LT/IMu*, 6/1. There are no theoretical
calculations of hot atom reactivity for the molecules in the Table.
Current calculations comparing Mu* and T* reactivity with F2 [Connor et
al., Mol. Phys. 46, 1231 (1982) and wrk in progress] give only -2 for the
ratio IT,/IMu*; not surprisingly, inconsistent with the factor of -6 seen
in the present study. It is noted that these ratios are likely to be less
sensitive to details of the (unknown) potential energy surfaces than the
actual cross sections themselves.

Comparison of Mu* and T* hot atom yields and
reactivity integrals in some alkane vapours (RH)

RH T*(Yield) Mu*(Yield) 1T* IMu* ITA/IMu*

CH4  0.50 0.12 0.70 0.09 7.9
C2H6  0.65 0.19 1.5 0.25 6.0
C3H8  0.66 0.21 2.1 0.42 5.0 .1:

n-C4H 10  0.68 0.21 2.3 0.45 5.1 "
n-C5H1 2  0.69 0.15 -2.4 0.33 -7.3
n-C6H1I 0.72 0.24 -2.5 0.55 -4.5

. .. . . . .. ". . . ..-. ' . .-7- . . . -. - -. . ,' -' .. - ' - -' '-.
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The Reaction of Spin-Orbit State-Selected Ca(3pj °) with Alkyl Bromides

Nick Furio, Mark L. Campbell and Paul J. Dagdigian

Department of Chemistry

The Johns Hopkins University

Baltimore, Maryland 21218

An optical pumping state selection technique has been employed to study

the chemical reactivity of individual Ca(3Pj') spin-orhilt states. As an

extension of our previous study of the C12, Br2 , and CH3 CI reactions, 1'2 we

present here a study of the spin-orbit dependence of the CaBr A and B state

chemiluminescence channels for the reaction of Ca(4s4p 3Pjo) with CH3 Br,
CH2Br2 , CH2 CHCH2 Br, and C6 HCH2 Br. The spin-orbit dependence for the
dibromometbane and allyl bromide reactions is substantial, with a reactivity

ordering similar to that observed previously with Cl2 and Br2 , namely J=2 >

J=1 > J=f. A weaker spin-orbit dependence was observed for methyl bromide and

benzyl bromide.

One complication in these experiments is the presence of the additional
metastable state Ca(4s3d 1D), which Tlsy reacts to form excited CaBr, Because
of a revised smaller theoretical Ca( D-5) radiative transition rate, the
ID/ 3P0 ratio in the beam is now believed to be approximately 25T. An attempt
will be made to gauge the importance of the reaction by optical puping

experiments in which D atoms will be removed by excitation of the 4s5p P0

4s3d ID line near 672 nm. Chemiluminescence, total attenuation, and
nonreactive Intramultiplet mixing cross sections have also been determined

3 01from the pressure dependence of the chemiluminescence and Ca(3P, + S) emission
intensity.N

This work has been supported in part by the National Science Foundation

under grant CHE-8400014 and the 11.S. Army Research Office under giant DAAG29-
* ~ 5-K-0018.*
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2. P. J. Dagdigian, in Gas-Phase Chemiluminescence and Chemi-lonization
(North-Holland Publishing Co., Amsterdam, 1985), edited by A. Fontlin, in
press.

3. C. W. Bauschlicker, ,r., S. R. Langhoff, R. L. ,Iaffe, and H. Partridge, J.
Phys. B, submitted.
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OBSERVATION OF COLLISION-ENERGY, PRODUCT-STATE, AND ANGULAR-SCATTERING

SPECIFICITY I THE CHARGE-TRATSFER REACTION OF
Ar+( P3/ 2) WITH N2 (X Egv:O)-

A.L. Rockwood, S.L. Howard, P. Tosi, K. Birkinshaw, and J.H. Futrell
Department of Chemistry, University of Utah, Salt Lake City, Utah 84112

The charge transfer reaction

Ar+ (2P3/2) + N2(XI ZV=O) Ar(1S) + N2 +(X
2 Eg ,v") (1)

and its inverse

N+ 2,'"+ r 1 1 XIN2+CX2ZgV') + Ar 0 N2(X I ,v) + Ar+( 2 Pd) (2)

have been extensively investigated by modern techniques capable of probing
state-to-state specificity in these reactions. It has Yeen established that
reaction (1) qives the 0v=O product exclusively at 800 K , but that at all
temperatures above 140 K the formation of vibrationally-excited levels of
the ground electronic state of N2 dominate the reaction kinetics. This has
been definitely shown in a laser-induced fluorescence study of the reaction
products at a collision energy less than 0.3 eVL, which indicates that the
product ions consist of a distribution of rotational states for the vO and
v=i states of the product ion with the vibrationally-excited component con-
stituting 87±10- of the total; the rotational state distribution for
N2 (v 1) was analyzed in detail, showing N=12-13 compared with N=7 for the
N reactant at room temperature. Further, the very strong vibrational state
dependence of the reverse reaction (2) has been demonstrated in the elegant
study by Govers et al. using electronically and vibrationally state-selected
ions.

A ecint paper from our laboratory demonstrated the formation of prima-
rily N (X E_,v=l) in reaction () at collision energies of 1.73 and 4 elec-
tron vglts.49 The angular scattering observed in that study showed that the
mechanism was direct and that very little momentum was transferred in the
electron transfer mechanism. A curve-crossing model was sugqested to
explain these results. This model has been elaborated in qreat detail in
the work of Govers, et al. who demonstrate that a semi-quantitative ration-
alization of their resu1Ts for reaction (2) is possible using the Bauer-
Fischer-Gilmore curve-crossinq model. That the reaction dynamics of the
system is somewhat more complex than deduced from the results referenced
above is revealed5 by the Newton diagram for reaction (1) at a collision
energy of 1.1 eV.

The simplest interpretation of the scattering diagram is that vibra-
tional levels 1, 2, and 3 of the product ion are all populated with signi-
ficant probability and that these products are generated in+an angular-
specific manner. We have continued our+ probing of the ArN PES by investi-
gating the unreactive scatterinq of Ar . The cross-sectioh for inelastic
scattering processes are larqe and the angular and quantum-state specificity
is pronounced.
References
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Molecular Collisions, Snowbird, Utah

Quantum mechanical microcanonical rate constants from direct

calculations of the Green's functions.

Bruce C. Garrett

Chemical Dynamics Corporation

1550 West Henderson Road

Columbus, Ohio 43220

C. W. McCurdy

Department of Chemistry

The Ohio State University

Columbus, Ohio 43210

A new method is presented for calculating the quantum mechanical rate

constant for a microcanonical ensemble using the flux-flux autocorrelation

function. The rate constant is expressed in terms of the coordinate

representation of the Green's function which is obtained from the matrix

solution of the discretized Schrodinger equation. For one degree of

freedom an efficient recursive solution of the discretized equation is

presented. The extension of this method to multidimensional systems is

discussed.

This work is support in part by the Army Research Office under contract

number DAAG29-84-C-0011.

Abstract of contributed paper to be presented at the 1985 Conference on

the Dynamics of Molecular Collisions, Snowbird, Utah, July 14-19, 1985.
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INTEGRAL AND DIFFERENTIAL CROSS SECTIONS FOR
Ar'*(P) + He (1S) -- Ar*( 2P) + He*('S)

at collision energies from 30 meV to 3 eV

R. Disch. S. Scherbarth, and D. Gerlich
Fakult~t fur Physik, Universitt 0 7800 Freiburg FRG

INTRODUCTION
where R - 4.7 A is the crossing radius between

Most experimental information on low - collision - the polarisation potential VPoL(R) and the Coulomb
energy charge tranfer between a doubly charged potential, attracting the reactants and repulsing
argon and an helium atom has been obtained using the products, respectively. The (impact parameter
swarm techniques (1). Only recently have state averaged) pobability for a charge tranfer, P- ,
resolved differential cross sections been measured has a local minimum of less than .03 at about 1eV.
at energies down to 0.5 eV in a crossed beam expe- The rise of the cross section towards lower
riment (2). In order to obtain some more informa- energies is only to a minor part due to the long
tion in the interesting sub- eV range, we have in- range attraction. Therefore that change must be
vestigated the Ar" + He charge tranfer process explained by the energy dependence of the coupling
in an improved guided beam apparatus. For the (Coriolis or radial coupling, or influence of the
first time, not only integral but also absolute fine structure).
values for differential cross sections have been
measured with this technique. The probability for F,
the non - adiabatic transition as a function of
both, impact parameter and collision energy have
been extracted from the results.

EXPERIMENTAL 7

The guided beam machine is basically the same as
the apparatus, previously described (3). Briefly
it consists of a storage ion source, RF quadrupole
filter (selecting energy and mass), a tandem octo-
pole arrangement with a short scattering cell,
a magnetic mass spectrometer and a scintillation
detector. Several modifications and improvements
extended the accessible laboratory energy range 0 2 4 6
to very low values (with almost constant beam in- Fig. 2 A,* VFLOCITY (10 r-1-0
tensity down to 30 meV, lowest energy below
10meV). A long octopole, guiding the ions from the M ore detailed information on this coupling can
scattering region towards the detector, allows be extracted from the angular distribution of the
one to determine the axial velocity component of products. For this simple state to state process
the products via the time of flight (TOF) method. (ignoring fine structure), the differential cross
By measuring a set of such TOF distributions for section can be determined directly from the axial
different RF amplitudes (e. g. for different gui- component of the velocity (guiding all ions inde-
ding potentials), information on the angular pendent on their transversal component). Some ex-
distribution of the products can be extracted in amples (transformed from the measured TOF distri-
an energy range not accessible to standard crossed butions) are shown in fig. 2. At low energies,
beam experiments. The ion source has been operated the distributions are symmetric relative to the
(low electron energy, high Ar pressure, long sto- dashed line (marking the Center of Mass velocity):
rage time) so that the Ar* ion beam consists only The differential cross section shows a forward
of the 1P ground state. - backward symmetry. Above 0.5 eV, where a pro-

nounced sideways peak is observable, the Ar pro-
RESULTS AND DISCUSSION ducts are scattered more and more into the forward

direction.
The dependence of the integral cross section G This observation is in qualitative aggreement with
(fig 1) from the collision energy Ej can be repre- the results of Friedrich and Herman (2), but there
sented by the formula are some discrepancies in the quantitative compa-

"5 f,1) JT R'(l - Vr,(R,)/E ,) rison of the differential cross section at 0.5 eV,
a . . .I .I in the interpretation of the dominant peak at 90,

'. A,"('P1 + Hl's1 - and the contribution of the metastable Ar4 ions.
Experiments with a known mixture of ground and me-
tastable states (using different ion source condi-

. "6 tions and analysing the beam by aid of the trans-
0" lational attenuation method (4) are in progress.
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Nonadiabatic Transitions in the Photodissociation of ICN

Evelyn M. Goldfield, Paul L. Houston & Gregory S. Ezra

Department of Chemistry

Cornell University

Ithaca, NY 14853

Photodissociation of ICN in the A continuum has been modeled assuming all

the absorption from the linear ground state is to one diabatic excited state,

which dissociates to form I* (2 P 1/2) and CN (1z+, v=O). This assumption

is consistent with previous theoretical considerations and recent experimental

observations1 . It is also assumed that, in nonlinear excited state configura-

tions, nonadiabatic transitions are possible to two distinct surfaces correlat-

ing with ground state I (2 P3/2 ) and CN (1z+, v=O). Empirical potential sur-

faces with frozen CN bond lengths are employed, and nonadiabatic transitions

between surfaces are treated usinq both the Tully-Preston surface-hopping model

and the Miller-Meyer classical electron picture3 . Theoretical results obtained

with both methods are compared with recent experimental data on the I*/I

* branching ratio 4 and product CN rotational distribution5 ,6 as a function of

photolysis wavelength.

1. A. Gedanken (unpublished).

2. J.C. Tully & R.K. Preston, J. Chem. Phys., 1971, 55, 562.

3. H.-D. Meyer & W.H. Miller, J. Chem. Phys., 1980, 72, 2272.

4. W.M. Pitts & A.P. Baronavski, Chem. Phys. Lett., 1980, 71, 395.
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6685.
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Laser Spectroscopic and Chemiluminescent Probes of Metal Cluster Structure,
Photodissociation, and Oxidation.

James L. Gole, J. S. Hayden, and R. Woodward.

School of Physics and Atomic and Molecular Sciences Center, Georgia Institute
of Technology

Clusters of the alkali and coinage metals generated through direct super-
sonic expansion of the pure metal or the metal seeded into an appropriate car-
rier gas are characterized using laser spectroscopic techniques. The oxidation
of these clusters is also considered. The following specific experiments will
be outlined:

(1) The development of a cooled Cu3 (Ag3) source producing concentrations some
six orders of magnitude in excess of those obtained with other methods. We are
afforded the opportunity to investigate a far greater portion of the trimer
ground and excited state vibronic structure, and are able to probe levels which
may be lost to two photon tecnniques when photodissociation and non-radiative
processes are strongly competitive with 'fluorescence'. In addition, there is
evidence thet this source will be useful for the study of small particle surface
plasmon characteristics.

(2) A study of sodium trimer - halogen atom metatheses using sources used
to study alkali trimer photodissociation indicates a rich chemistry including
(1) a clear bimodal distribution of Na2* product vibrational levels correlating
with the dynamics of Na2 formation, (2) the clear effect of the molecular elect-
ronic structure of Na2 on the dynamics of the reaction Na3+X-Na2*+NaX, and (3)
the observation of stimulated emission from the Na2 formed in reaction.

(3) The development of a cluster device which lies in the middle ground
between a standard effusive source and laser vaporization plasma formation
followed by strong supersonic expansion and large widely distributed aggregate
formation. High metal fluxes are forced to mild agglomeration in argon or
helium at controlled temperatures producing a range of readily adjusted clusters.
We will focus on copper and silver oxidation and the formation of metal cluster
oxides, (CLxO(2<X<3), AqxO(2<x).
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Time-Resolved Optoacoustic Measurements of the Vibrational

*Relaxation of Highly Excited Molecules

Kenneth M. Beck, Andrzej Ringwelski,

and Robert J. GordonU

Department of Chemistry

University of Illinois at Chicago

Chicago, Illinois 60680

Two real-time optoacoustic techniques were used to study the

VT relaxation of highly excited polyatomic molecules. In the

first method a microphone placed at the wall of a long cylinder

* measured the interference pattern of the acoustic waves wnich

were generated as the excited gas relaxed. In the second method

a high frequency piezoelectric ceramic, placed near the center

of a large chamber, measured the compression and rarefaction

components of a single acoustic wave. Both techniques were used

to determine how the rate of vibrational relaxation depends on

the amount of energy initially contained in the molecule. Ini-

* tial measurements were performed with SF 6 in argon, using in-

frared multiphoton excitation to prepare the vibrational energy

distribution of SF 6.

Support by the National Science Foundation and the Petroleum

Research Fund is gratfully acknowledged.
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Theoretical Study of Intermolecular Energy Transfer Involving

Electronically Excited Molecules: He(iS) + H2 (B 1z)*

Randall M. Grimes-, William A. Lester, Jr. , and Michel Dupuis1

Materials and Molecular Research Division

Lawrence Berkeley Laboratory, University of California
Berkeley, California 94720

Improvements in experimental techniques of preparation and detection

have increased interest in collision phenomena of electronically excited

molecules. In an early experimental study, cross sections for rovi-

brational energy transfer and electronic quenching were measured for

HD(B I7,v=3,j=2), excited by an argon lamp, in the presence of He,

Ne, and HD(X IZ+) .I In order to better understand these collision

processes, the closely related He + H2 (B EIu) system is being studied.

An ab initio potential energy surface (pes) has been determined using

self-consistent field plus configuration interaction methods. The long-

range interactions are described by a multipole expansion. Features of

the pes expected to strongly influence energy transfer will be described.

As a first step in the dynamics studies, cross sections for rotational

excitation at c.m. energies 0.015-0.165 eV have been computed in the rigid

rotator model using the space-fixed coupled-channel formalism and an

analytical fit to the ab initio pes. Partial inelastic cross sections

display a high degree of structure, which appears to be mainly due to the

anisotropy of the interaction energy. The magnitudes of total cross

sections for Aj = *2 transitions are comparable to those for ion-molecule

systems.

Progress toward inclusion of rovibrational energy transfer processes

will be discussed.

References
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*This work was supported by the Director, Office of Basic Energy
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4Present address: IBM Corporation, Kingston, NY 12401
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STATE-TO-STATE VIBRATIONAL EXCITATION OF p-DIFLUOROBENZENE IN COLLISIONS

WITH HELIUM

Gre&ory Hall, Clayton F. Giese, and W. Ronald Gentry

Chemical Dynamics Laboratory, University of Minnesota, Minneapolis, MN 55455

We report the kinetic energy dependence of the total cross sections for

the v = 0- 1, 2 excitation of the v 30 mode in p-DFB(S ) + He collisions.

The measurements were made with a variable collision angle, crossed, pulsed

molecular beam instrument, utilizing laser induced fluorescence for state

selective detection. The kinetic energy range of the measurement includes

the vibrational threshold of 20 meV and extends to 325 meV. A search

revealed that no other vibrational modes were collisionally excited within

the energy range and detection sensitivity of the instrument. The v

mode is the lowest out-of-plane vibration in p-DFB. Singular excitation

2
in this mode is similar to previous work on aniline, where the two lowest

frequency modes were excited, both having out-of-plane geometry.

References

1. G. Hall, K. Liu, M. J. McAuliffe, C. F. Giese, and W. R. Gentry,

J. Chem. Phys. 81, 5577 J1984).

2. K. Liu, G. Hall, M. J. McAuliffe, C. F. Giese, and W. R. Gentry,

J. Chem. Phys. 80, 494 (1984).
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I Semiclassical and Quantal Investigation of

Stretch-Bend Interactions

Swamy N. Kandadai and William L. Hase

For some mode-selective excitation experiments the flow of
energy from an excited stretching mode to a bending mode is
thought to be the first stage in intramolecular energy flow. We
considered a model Hamiltonian consisting of a Morse stretch
coupled to a quartic bend. The effect of the nature of this
stretch-bend coupling on favorable resonance conditions for
energy flow is investigated. Figenvalues for the Hamiltonians
are calculated quantally and semiclassically. The accuracy of
various approximate semiclassical methods is studied.
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Thermal Rate Constant for 1H+CH 3 _4CH 4 Recombination.
Comparison of Quasiclassical Trajectory and

Variationi Transition State Theory

Ronald J. Duchovicl and William L. Hase
Department of Chemistry
Wayne State University

Detroit, Michigan 48202

The variational transition state theory rate constant is
calculated for the H+CH3-4CH4 bimolecular reaction and compared

with the quasiclassical trajectory value reported previously.
2

The calculations are performed on two different potential energy
surfaces, MAPS/CH4-I and-IT. To calculate the variational

transition state theory rate constant, the reaction path and
frequencies orthogonal to the reaction path are require 1. The

general classical trajectory computer program MERCURY was

modified to perform these calculations.

Good agreement is found between the variational transition

state theory and quasiclassical trajectory rate constants for
both the MAPS/CH4 -I and -IT surfaces. The rate constants for

the two surfaces differ by an order of magnitude.

Current address: Department of Chemistry, Northwestern

University, Evanston, Illinois 60201.

2 R.J. Duchovic and W.L. Hase, Chem. Phys. Letters 110,474

(1984)
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INTERNAL ENERGY RELAXATION IN DIATOMIC 2 " C"
i MOLECULES MODELED BY EIGENANALYSIS TECHNIQUES

Kenneth Haug and Donald G. Truhlar
Department of Chemistry, University of Minnesota

Minneapolis, Minnesota 55455

and Normand C. Blais
! Chemistry Division, Los Alamos Scientific Laboratory

Los Alamos, New Mexico 87545

Internal-energy relaxation is studied by matrix-eigenvalue techniques
for two different systems. The first system, a dissociating diatomic
dilute in a rare gas, follows a linear master equation, and conventional
eigenanalysis is used to examine the competition of internal relaxation
with reaction. The second system, vibrational-rotational relaxation
including significant effects from diatom-diatom collisions, follows a
nonlinear master equation. In this case a linearization procedure is
used to allow an eigenanalysis of the relaxation.

In the first study we calculate relaxation times and steady dissocia-
tion rates for a shock wave impinging on para-H2 dilute in Ar. Thermally
averaged rate coefficients at 4500K have been computed by Monte Carlo
quasiclassical trajectory methods for 659 state-to-state vibrational-

I rotational transitions. The 162x 162 rate matrix is completed by least
squares fitting of an analytic form to the calculated rates. Previous
investigations on this system1 assumed rotational equilibrium and found
the steady dissociation rate constant to be about 30% less than at local
equilibrium as a consequence of the competition of relaxation with reaction.
The present study extends these results by including the full rotational-

l* vibrational nonequilibrium effects and gives a steady dissociation rate
about afactor of 3 lower than the local-equilibrium value.

The second study is of the relaxation of H2 in He over the mole
fraction range 0-1. The required rate constants were those used by Moise
and Pritchard. 2 Previous studies' have indicated good agreement of rate
constants calculated by numerical integration of a nonlinear master equa-
tion with those obtained by eigenanalysis of a linearized one. This study
extends the new approach to the case of nonlinear energy relaxation.

This work was supported in part by the National Science Foundation.

* 1. D. G. Truhlar, N. C. Blais, J.-C. J. Hajduk and J. H. Kiefer, Chem. Phys.

Lett. 63, 337 (1979).

2 A. Moise and H. 0. Pritchard, Can. J. Chem. 59, 277 (1981).

3
C. Lim and D. G. Truhlar, Chem. Phys. Lett. 114, 253 (1985).
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A Theoretical Stud% of Vibrational Excitation
in Diatom-Surface Collisions

Robert Heather and Horia Metiu

Department of Chemistry
University of California
Santa Barbara, California 93106

We develop a Gaussian wave packet-mean trajectory
1

technique to study vibrational excitation in diatom-surface
collisions. The (anharmonic) vibrational motion of the oscil-
lator is treated quantum mechanically using both coupled and
uncoupled Gaussian wave packet techniques."The diatom rotates
and translates classically under the influence of a potential
which is averaged over the vibrational coordinate at each time
step, i.e., V(R,e, ,[XI]) = <Y(r)IV(r,R,e,j,[X%]) 4)(r)r
where Y(r) is the oscillator wave function expressed as a
sum of wave packets, r is the oscillator coordinate, E and
describe the orientation of the diatom, R is the position of the -

diatom center of mass, and [X ] are the positions of the
surface atoms. The motion of the surface atoms is incorporated
using generalized Langevin techniques. '6 Vibrational excitation
of heavy diatomic molecules (e.g., Br. or I, ) during collisions
with fixed and moving surfaces is investigated.

1. S. Sawada and H. Metiu, (unpublished)

2. E. J. Heller, 3. Chem. Phys. 64, 63 (1975)

3. R. T. Skodje and D. C. Truhilar, J. Chem. Phys. 80, 3123 (1983)

4. S. Sawada, R. Heather, B. Jackson, and H. Metiu, (unpublished)

5. S. A. Adelman and J. D. Doll, J. Chem. Phys., 64, 2375 (1976)

6. J. C. Tully, J. Chem. Phys. 73, 1975 (1980)
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STATE RESOLVED PHOTOFRAGMENTATION OF OCS MONOMERS AND CLUSTERS

N. Sivakumar, I. Burak, W.Y. Cheung and P.L. Houston
Department of Chemistry, Cornell University

p
and

J.W. Hepburn
Centre for Molecular Beams and Laser Chemistry,

University of Waterloo.

Recent experiments on OCS photofragmentation dynamics will be presented.
In these experiments, OCS in a pulsed supersonic beam was dissociated by a
KrC1 laser, and either the S atom or CO product was d tected by vacuum
ultraviolet laser-induced fluorescence. The S atom ID: P yield was determined
to be 85:15, and the CO product was formed in a bimodal rotational distribution,
peaking at ' 56 and ' - 67, reflecting the two S atom channels.

As well, an extremely cold (Tro t - 50 K) CO product was observed, and
this has been shown to be due to dissociation of OCS in clusters. An S,

product due to a reaction of the S photoproduct with an OCS in the same
cluster was also observed by laser-induced fluorescence.

Presenter.
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Computational Methods for Quantum

Mechanical Reactive Scattering

Mark R. Hermann

and

William H. Miller

Department of Chemistry

University of California

Berkeley, California 94720

The quantum mechanical reactive scattering formalism

developed by Miller [J. Chem. Phys. 50, 407 (1969)] provides

a particularly straightforward method for investigating

atom-molecule collision dynamics. Recent applications of

this approach within the distorted wave Born approximation--

i.e., inelastic (local) interactions treated to infinite

order and reactive (exchange) interactions treated to first

order--to the standard l-d and 3-d H+H2 reactions gave quite

encouraging results. Extensions to treat the reactive

(exchange) interactions also to infinite order have been

applied to l-d H+H2 reaction, with excellent results.

However, due to the numerical methods employed in the above

calculations, applications of this method in infinite order

to 3-d systems remain computationally unfeasible.

Current research efforts focus on approximating the

non-local exchange interaction with a separable potential

constructed from an L2 set of functions. Calculations for

the l-d H+H2 reaction, which employ a separable exchange

potentaial, are seen to provide reliable reactive scattering

probabilities and furthermore reduce the size of the

calculation to an acceptable computational level. Future

efforts are to apply this method to more interesting

chemical applications.
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Molecular Beam Studies of the 2nergy Requirements
of Organic Chemiionization Reactions

J.F. Hershberger, J.J. McAndrew, R.J. Cross, and M. Saunders
Department of Chemistry, Yale University, New Haven, CT

We have 'sed two crossed supersonic molecular beams to measure the

* dependence of the total cross section of several chemiionization reactions,

including

SbF s + RCl -- ) SbFCl- + R+  (1)

SbF S + TMAE -- > SbF s + TMAE+  (2)

SnCl4 + TMAE -- > SnCl4  + TMAE+  (3)

where R = PhCD-, Ph 2CO--, or (CH3 )3 CCO- , and TMAE =

(N(CH,),),C'C(N(CH 3 ),)2 . For all these reactions, the cross section rises

steeply as a function of reactant energy. The measured thresholds are

3.68±0.2 eV for reaction (1) with R=PhCO-, 3.10±0.2 eV for reaction (2), and

3.50±0.2 eV for reaction (3). The result for (3) is in reasonable agreement

with the value of 3.2±0.2 eV calculated from previous measurements. For R

=PhCI 3CO- or (CH,),CCO- two organic products are observed: Cl transfer, or

SCl- transfer plus loss of CO. By independently varying nozzle temperature

and carrier gas, both translational and vibrational energy have been shown

*to play a significant role in the fragmentation ratio. Earlier work

* indicates that reaction (1) procedes via long-lived complex, while reactions

(2) and (3) are direct. The present results may indicate rapid

translational-vibrational energy transfer within the complex.

1. (a) K. Lacmann, M.J.P. aneira, A.M.C. Moutinho. and U.Weigmann, J. Chem.
-" Phys. 78, 1767 (1983); (b) Y. Nakato, M. Ozaki, A. Eqawa, and H. Tsubomura,

Chem, Phys. Lett. 9, 615 (1971).

2. J.A. Russell, J.F. Bershberger, J.J. McAndrew, R.J. Cross, and M.
I Saunders, J. Phys. Chem. 88, 4494 (1984).
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THE DYNAMICS OF OH RADICAL DESORPTION FROM

Pt SINGLE CRYSTAL SURFACES

Mark A. Hoffbauer , David S.Y. Hsu, and M.C. Lin

Chemistry Division
Naval Research Laboratory
Washington, DC 20375

The desorption dynamics of OH radicals formed during the catalytic
oxidation of H on clean, well-characterized Pt single crystal
surfaces has bien investigated. OH radicals were formed by the
recombination reaction of co-adsorbed 0 and H atoms generated on the
surface by dissociative chemisorption of both 0 and H^. The
desorbed OH radicals were detected using laser-induced fluorescence
(LIF). Both the OH desorption rate and the OH rotational state
distributions were measured as a function of the surface temperature,
reactant O/H ratio, surface coverage, and surface structure.

The dependence of the OH desorption yield on surface temperature
can be used to deduce an apparent activation energy for desorption of
the OH reaction product. The activation energy is found to vary from
27 kcal/mole to over 50 kcal/mole depending upon the reactant O/H

ratio, surface coverage, and surface structure. The implications of
these observations in terms of the OH production/desorption dynamics
will be discussed.

The rotational state distributions of the desorbed OH radicals are
generally found to be Boltzmann and can be characterized by a single
rotational temperature which is significantly lower than the surface
temperature. For example, as the temperature of a Pt(lll) surface was
varied over a wide range, the OH rotational temperature was found to be
lower than the surface temperature by a constant fraction of -20% (i.e.
T /T -0.80). Once the OH radical is formed on the surface it
sfiould have a long lifetime prior to desorption during which energy
equilibration could take place. The slightly lower rotational
temperature observed in comparison to the surface temperature could
therefore imply that the desorption mechanism for the chemisorbed OH
species involves little or no exit barrier. A comparison of similar
data obtained on a polycrystaline Pt surface, a highly stepped Pt(lll)
surface, and a Pt(100) surface will also be presented.

Work performed during tenure as a NRC/NRL Postdoctoral Research
Associate. Present address: Chemical Kinetics Division, National
Bureau of Standards, Gaithersburg, MD 20899.



A Trajectorized Quantum Model for Surface Harpooning Processes

p Occurring in Diatom-Surface Scattering.

J. W. Gadzuk, NBS

S. Holloway and M. Karikorpi, University of Liverpool

The dynamics of diatomic molecule-surface collisions involving charge
Um transfer between the partners is presented within a framework in which the

center-of-mass translational motion is treated classicaliy with a trajec-
tory approximation (TA) and the intramolecular vibrational motion quantum
mechanically at various levels of sophistication. State-to-state T4V
probabilities, mean energy transfer to the vibrational system, and
dissociation probabilities are calculated for parameters which model N2
and halogen molecules and the results are considered within the context of
both the "exact" classical mechanics results presented in our companion
paper, and also experimental results due to Kolodney and coworkers.

The role of molecular orientation on the charge transfer/surface hopping
L probability is considered in the light of the electronic band structure of

the physical surface and some molecular beam experiments involving
internal vibrational excitation are proposed which take advantage of the
orientational dependence of the Landau-Zener probability.
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LASER INITIATED HALF-REACTION: NO FORMATION FROM N 0 DIMER
2

VIA N 2O.( D) REACTANT PAIR

Kenji HONMA and Okitsugu KAJIMOTO

:),prtment of Pure and Applied Sciences, College of Arts and

Sciences, University of Tokyo, 3-8-1, Komaba, Meguro-Ku,

"'rmk'.c 1% : ,Mr an

Laser initiated half-reaction, (N 0) + 193 nm -> N 0-0
22 2

D)+ N2 -> 2NO + N2 , has been observed by using a molecular

beam mass spectrometer. Nitrous oxide dimer beam was generated

bv a sunersonic ,xpansion through a nozzle-skimmer system.

Wh,-n 193 nrr- radiafion of ArF laser was focused onto the beam,

N, Wa. Th.n , of NO signal was proportional

(\ , ,-nrr-icn.The bere laser power

(1' n . .. ... ,t ' sugg sts the following three-

*.. h:. -!:-. icr. (p • the photod issociation of

.. ... . , n- w. ' n ra-molecular reaction

.- . . (, ',, d ion of product NO to



GENERAL FEATURES FOR THE REACTION DYNAMICS OF CHARGE-
TRANSFER REACTIONS AS REVEALED BY THE CROSSED-MOLECULAR

BEAM METHOD

S. Howard, Y. T. Long, K. Birkinshaw, A. Shukla, A. Rockwood,
and J. H.-Futrell, University of Utah, Salt Lake City, UT 84112

Over the past three years we have investigated the
molec:ilar dynamics of a number of simple atomic and diatomic
ions/atomic and diatomic neutral charge-transfer reactions.
These experiments have provided evidence for three general

mechanisms: (1) A mechanism which can be described as an
electron jump" which involves very little exchange of energy

or angular momentum between the colliding partners; (2) a
collision-complex" mechanism in which the scattering of the
reactive partners is symmetric about the center of mass
velocity vector and in which extensive exchange of energy and
angular momentum between the collision partners is observed;
and (3) a mechanism in which specific quantum states are formed

as the dominant reaction channel. These latter reactions may
be classified for discussion purposes as following a "curve-

crossing" mechanism.

Although only a few systems have been studied thus far in
sufficient detail to define these reaction mechanisms, some of
the key characteristics which determine whether a reaction pair
is likely to follow one or the other of the reaction models
described above are reasonably well-established. The complex

model requires, for example, that the reaction partners sample
a potential surface with a potential well depth which is com-

- parable to the collision energy at which the experiment is
carried out; these reactions require binding forces much larger

*than those which can be accounted for by invoking ion/induced
dipole, ion/dipole or ion/quadrupole forces. Direct mechanisms
(I) and/or (3) are followed whenever this feature is absent.
Lxamples of the three types of reaction mechanisms will be

* presented and discussed.

I
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ISOMERIZATION DYNAMICS VIA MODE-MODE

ENERGY TRANSFER

John S. Hutchinson
Department of Chemistry

Rice University

A number of recent experiments have examined isomerization and decom-

position of molecules following direct laser excitation of overtones

of local vibrations. These studies generally find that reaction rates

are well-described by statistical theory, thus indicating a lack of

mode-specific chemistry. To assist in understanding these results, we

have studied the classical dynamics of intramolecular mode-mode energy

transfer in molecules excited above isomerization thresholds. In the

first study, we have determined the probability of isomerization of

hydrogen isocyanide (HNC - HCN) following excitation of the HN vibra-

tion to various v states. It was found that the probability does not

increase monotonically with energy. This non-statistical result is

due to a highly specific transfer of energy from the HN stretch to a

combination of the CN stretch and the H-wagging reaction coordinate,

due to a combination nonlinear resonance.

In the second study, we have analyzed the vibrational dynamics of the

1,5 hydrogen shift in 6-hydroxy acrolein (Malonaldehyde). We have

found that a quasi-periodic resonant exchange of energy between the

0-H stretch and the C-O-H bend is critical to the hydrogen shift

isomerization. We have calculated reaction times analytically from the

stretch-bend phase relations, and have also determined the conditions

under which isomerization is classically forbidden at energies above

the reaction barrier.
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OUANTIZED SEMICLASSICAL TRAJECTORY APPROACH FOR EVALUATION OF VILRONiC

TRANSITIONS IN ANHARMONIC MOLECULES'

Jenn-Kang Hwang and Arieh Warshel

Department of Chemistry, University of Southern California, Los Angeles, CA
90089-0482

* ABSTRACT

Significant progress has been made in recent years in simulation of

molecular spectra. It appears, however, that the available methods do not

offer a reliable and practical way for simulation of the vibronic line shapes

of large anharmonic molecules. As a step in the effort of attacking this

problem we develop a semiclassical approach that generates quantized vibronic

transitions between electronic surfaces of anharmonic molecules. The method

evaluates vibronic transition probabilities by using the energy represen-

tation (Green's functions) of the corresponding semiclassical propagators.

The resulting expression generates automatically interference effects for

nonquantized actions and gives significant intensity only for quantized vib-

* ronic transitions. This method is compared to other semiclassical approaches

and shown to produce much better result for highly anharmunic system. The

problem with other approaches (including the Gaussian wavepacket methods) is

shown to be related to the fact that they do not contain information from

trajectories at the relevant energies.

A. Warshel and J.K. Hwang, J. Chem. Phys., January 1985.
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THI- INCIAIS lON OF Vli RATI )NAI .ANHiAkV,; NICITY IN THE CALCULATION OF
AC(:I'ATE' RAT" CfN5Y ANTS1 FOR PO)LYATONITC REACTIONS

I an I). Tciic-son
1)o pa r tmeor of ChemIs-t ry

.' imi Un ivers it v
Oxford, Oi1 450h

The f irst-pri nriples calcuJlation of accuirate thermal rate constants for
:Iernentarv reactions has hen at su bject of major importance for many years,

Tiot on l~v as an a It erna t i e to xpt r i.mnct, hut al so as an aid to understand-
iog what factors control r*,action rates. Canonical variational transition
statf, theory (CVT) has proved to he a practical aIppro ach for polyatomic

systems for a viven pnontii ja 1 nrgyT surface. n CVT the rate constant is
')ht 01ned by, appr(uxi mat inv t.he Iloix of reactive trajectories across a hyper-
soirtace that divides, reictarits from products, and variationally optimizing
he lorat ion of this divi dingi soirface. A major component of this method

inivolves calculatinig the quantal partition function for the vibrational
legrees of freedom orthog7onal to the di vi ding surface, which are bound by an
An~harmonlic potential energry surface. TInclusion of the polyatomic anharmonic
.-i rati,),aio cootri[hut ions, is thuIs important for ohtaining accurate results.
In the current implementition of CVT tor pol'vatomic systems, only the anhar-
nun i citv within idvidualI normal mode,, of the transition state has been

ncIndeod, while the coupling terms hetween the Tmodes have been neglected.
However, the neglect of the iode-mode cotipl logs can lead to serious errors
in the partition fuinctions] 11. To incorporate such contributions in a prac-
t ical manner, we mode I the vi hr at i nal potential in each internal coordinate
(i.e., stretch and bend) by, a simple functilonal form (e.g., a Morse poten-
tial). Following- a transforimation of the force constants to normal coordi-
nates , the quantal partition function can he approximated from the zero-
poi nt energy (whi ch can boo oh't iined f rom perturbat ion theory) and the cor-
responding classical part it ion fuoct inn for the effective potential energy
surface [2] In this talk, we first compare the results for the vibrational
part it ion funoct ions of s on)tm r t n mole cl1e-s obt a ined with various
choices for the fuoct incaI fo)rm (of the vi hrit ional potential in each type of
internal coordinate to theacurt result s for these molecules. We then
discuss, the application (of tli, s approach to the calculation of the anhar-
'non)Iir rate constant fo)r theo ro.;ict iic OP + HI - 11, f + H.

[I I A. 1). Isaacsncv, 1). (,. 'litil hlr, K. ' CXIoloa, aInd J1. Overeod,
1. Chem. Phvs. 7 t 31 7 198 1)

[21 A. D). isaacso)n anTd D.-C 'irollar, 1. Chem. Phvs. 75, 4090
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Rotationally Inelastic Molecular Beam Diffraction from
Finite Temperature Surfaces

Bret Jackson and Horia Metiu, U.C. Santa Barbara
U

We present new time dependent methods for the study of
rotationally inelastic gas-surface diffraction. The trans-
lation of the molecule is described using Gaussian wave packet
trajectories?2 The methods make no sudden or decoupling
approximations, treating the surface corrugation in a non-per-
turbative manner, thus giving information on transitions which
don't conserve mj. In one limit, a single packet at a time is
propagated, using a rotationally averaged potential. This mean
trajectory case compares vef well with two recent perturbative
close coupling calculations.D A more exact multiple trajectory
technique is also presented. In addition, the method provides
a very intuitive physical picture, showing how rotational
transitions effect the beam coherence, modulating diffraction
peak amplitudes.

As done previously for He diffraction, the effects of
finite temperature are incorporated by allowing the surface
atoms to move classically, using generalized Langevin tech-
niquesf7 This allows for both energy transfer and Debye-Waller
attenuation.

1) G. Drolshagen and E. Heller, J. Chem. Phys. 79, 2072(1983);
Surf. Sci. 139, 260(1984).

i 2) S. Sawada, R. Heather, B. Jackson, and H. Metiu, J. Chem.
Phys. (to be published).

3) T. R. Proctor, D. J. Kouri, and R. B. Gerber, J. Chem. Phys.
80, 3845(1984).

4) K. B. Whaley and J. C. Light, J. Chem. Phys. 81, 3334(1984).

5) B. Jackson and H. Metiu, J. Chem. Phys. (to be published).

6) S. A. Adelman and J. D. Doll, J. Chem. Phys. 64, 2375(1976).

7) J. C. Tully, J. Chem. Phys. 73, 1975(1980).
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The Quantization of Symmetric and Weakly
Nonintegrable Hamiltonian Systems

Charles Jaffe
Department of Chemistry
West Virginia University

Morgantown,WVa 26506

The construction of a classical analog fo"
symmetric and weakly nonintegrable Hamiltonian
systems is outlined by the means of three examples.
The method of construction is based upon the
density matrix formulation of classical and
quantum mechanics. The energy levels of the
classical analog of the Henon-Heiles Hamiltonian
system are compared with the quantum and
semiclassical results.

. . . . . . . .. . . . . . . .



QUANTUM MECHANICAL RATE CONSTANTS VIA PATH INTEGRALS: DIFFUSION OF

HYDROGEN ATOMS ON A W(100) SURFACE

Ralph Jaquet*, William H. Miller*-

* Lehrstuhl f. Theoret. Chemie, Ruhr-Universit~t Bochum, 4630 Bochum, FRG

** Department of Chemistry, University of California, Berkeley, California
94720

U Using Monte Carlo path integral methods described recently by Miller et al. /1/,

quantum mechanical rate constants have been calculated for diffusion of H

atoms on a model W(100) surface /2/. The most interesting aspect of the

present work is that it includes the effect of surface atom motion, i.e.

phonons, on the H atom tunneling dynamics. Althouqh the des-

cription is fully quantum mechanical, the phonons enter the present path

integral treatment in a way very similar to how they appear in the classical

generalized Langevin models; the present formulation thus provides the correct

quantum mechanical analog to classical frictional effects. The principal

qualitative result shown by the calculations is that surface atom motion

increases the rate of H atom tunneling from one stable site on the surface

to another.

Having investigated the simple process of diffusion of single hydrogen atom,

we are now interested in describing chemical reactions on surfaces, for

example the recombination and desorption of hydrogen,

H- surface surface + H2

-. and, in particular, wish to study the effects of surface atom motion. These

investigations are now in progress.

References:

/I/ W.H. Miller, S.D. Schwartz, J.W. Tromp, J.Chem. Phys.

79, 4889 (1983)

/2/ J.H. McCreery, G. Wolken, J. Chem. Phys. 63, 2340 (1975)

I

.................................

L .- .- ...- ,-?...- .-.-. -.. ?.-.-, ..--.- ....- :.-.- . -..- ..- 1- -.> --L "L-. "--. - , -. .-- . .>> .i>1-.: - --.- :-> - L *.I'.-> .T -.- '.



z~c
CHEMICAL DYNAMICS STUDIED BY POSITRONIUM AND MUONIUM ATOMS

Y. C. Jean
Department of Physics

University of Missouri-Kansas City
Kansas City, MO 64110

Positronium (Ps) and Muonium (Mu) atoms have been employed as the lightest
and very light atoms to investigate chemical kinetics in solutions. Due to
their light masses, the classical transition-state-theory (TST) can not fully

interpret the observed rate constant variations with temperature. The ob-
served rate constants reach a maximum at certain temperature but decrease at
either higher or lower temperatures. A new interpretation based on Kramers
theory (1940) in terms of solvent effect is presented.

I...
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Semiclassical Quantization via the Adiabatic Hypothesis

B. R. Johnson
3 Chemistry and Physics Laboratory

The Aerospace Corporation
El Segundo, California 90245

In this work we analyze and further develop the adiabatic invariance

method for computing semiclassical elgenvalues and propose a new use to

calculate final state action variables in scattering problems. This method,

which was recently introduced by Solov'ev, is basically an application of the

Ehrenfest adiabatic hypothesis which states that a system in a quantum

allowable state will remain in that state as the system is externally and

adiabatically altered and further, that the dynamical behavior during this

change can be described by conventional mechanics. The eigenvalues are

determined from a classical calculation of the energy as the time dependent

Hamiltonian H(t) - H0 + s(t)H i is switched adiabatically from the separable

reference Hamiltonian H0 to the system Hamiltonian H0 + H1. A systematic

study is carried out to determine the best form for the switching function,

s(t), to maximize the rate of convergence of the energy to its adiabatic

limit. Five switching functions, including the linear function used by

Solov'ev, are defined and tested on three different systems. The linear

function is found to have a very slow convergence rate compared to the

U others. The classical energy is shown to be a periodic function of the angle

coordinates of H0. The coefficients of the Fourier series representation of

this function are then shown to be related to the classical energy expectation

value and classical energy uncertainty which we define and compare to their

quantum mechanical counterparts. Four example problems are analyzed and

solved in the course of this investigation. They are; (1) the forced harmonic

oscillator, (ii) the harmonic oscillator with time dependent frequency, (iii)

the nondegenerate and (iv) the degenerate two dimensional coupled oscillator

problems. In the degenerate oscillator case, we have discovered a correction,

similar to the Langer correction in WKB theory, which significantly increases

the accuracy of the semiclassical eigenvalues. Mixed states, i.e. states that

are a linear combination of several energy eigenstates are discussed and it is

demonstrated that the energy expectation value of these mixed states can be

computed semiclassically.

-.
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SPECTRA AND DYNAMICS OF INFRARED PHOTODISSOCIATION
OF VAN DER WAALS DIMERS

Russell D. Johnson Ill, W. Ronald Gentry, Clayton F. Giese
Department of Chemistry, University of Minnesota,
Minneapolis, Minnesota 55455

The spectra and product velocity distribution have
been measured for the photodissociation of several van der
Waals and hydrogen-bonded dimers. Specifically,
measurements of ethylene-hydrogen chloride, benzene dimers,
and silane dimers. These measurements are part of various
studies of intramolecular energy transfer.

The energy initially placed into a dimer by exciting a
vibration can migrate to and rupture the weak van der Waals
bond. A spectra consists of measuring the fraction diss-
ociated as a function of the laser wavelength. The width of
this curve is related to the lifetime of the state init-
ially excited. By measuring the velocity distribution of
the products and knowing how much energy was placed in the
dimer by the absorbed photon, and knowing the weak bond
strength, one can obtain how much energy is left to the
internal modes of the monomer products. These two measure-
ments help elucidate energy transfer mechanisms.

-. 7 .



POLARIZATION DEPENDENCE OF ASSOCIATIVF 10V ZATI '. A', OF
LASER-INDUCED CHEMI-IONIZATIONi AND EXCITATIO >;ANFF P

Dumont M. Jones and John S. Dahler

Departments of Chemistry and Chemical Engitieering,
University of Minnesota, Minneapolis, Mi 5 'ISA

We present a theory to aid in the interpretatior of ejrierto] st:,ies
n inelastic collisions involving laser-prepared at.,, odi- laser-ir,,,ced

electronic transitions. For associative ionization, laser-injuced cheroi-
i ,iizaticn and excitation transfer, one can derive equatvrn for t"e total

-- !ss section as functions of polarization. Specifically, the total cross
scctrun 'T depends on 1) (generally unknown) state-,ri rtton- specific
cross sections i and 2) explicit functions of the angle between the laser
puarization axis and the direction of initial atoiic r,;',e, tum. The number
1)f i w';ich are non-zero is limited by selection rules. Then, comparison
of cur thecretical relations with experiment allows one to place constraints
on relative values of the ji . Thus, one can obtain information both about
t',e relative rates of competing processes and about the identity of reactive
clutroric states.

1,
of rave recently applied this procedure to the thermal beam experiments

of Kircz, Morgenistern and NienhUis? who measured .T(;) for the reaction

(1) 2%a[(3p) 2 P X 2,+ Na+ + e.
32g 2

U;t is found that at least two quasimolecular states of Na2 participate in (1),
that is, at least two -i must be non-zero to obtain reasonable agreement
with experiment. Further, it is found that the dominant contribution arises
from the 1+ state with asymptotic configuration c2-,- 2 . Our results can
also be applied to other processes, for example the two color experiment 3

I* (02)
(2) 2% a(3s) Na(3s) + Na(3p) - [Na.. .Na] [Na ... Na] +  + e

.' -

rile +e
2

Na + Na+ + e-.

ere, differences between the intensity and polarization dependences of (2) and
competing ionization processes (e.g. photoionization of neutral dimers)
are identifying characteristics which can be used to extract cross section
information about individual reactions.

1, D. M. Jones and J. S. Dahler, Phys. Re,. A31, 210 (1985).

2. G. Kircz, R. Morgenstern, and G. Nienhuis, Phys. Rev. Lett. 48, 610

(1982); G. Nienhuis, Phys. Rev. A26, 3137 (1982).

P. Polak-Dingels, J. F. [elpack, and J. Weiner, Phys. Rev. Lett. 44,
1b63 (1980); J. Weiner and P. Polak-Dingels, J. Chem. Phys. 74,
1)38 (1981)._
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Al un"derstaeding i-f the detailled vinis tt the tr, sFr.

photofragmentati, n procoss is Impor tout Itn rh.- no- sirt-. -N N(t

dation of many phot.cherical systems. H stcas of the 02

nature of the end-free transition, the at;.sorption-

spectra of anv single-photon disselti, ;,r .r . .es

are br-ad and featureless. In order to learn about the

"ctted state(s) and dlssocatie potential erergy -ue- 30* 40 • 50 60 N

face(.) in.vol.ved 1. the Thol,, ra antatl_n p---,.bss . *

It is therefore necessary t, examine in detail the

final state distributic of phot!ragents. -02-

We have been studying the phototssoctatIzn of

ICN. The goal in to try and lears as ouch as possible

about the dynauics of the p!otodlssocfatlon proces by

examning the final state distribution of the CN frag-

sent to as much detail as possible. ICN, at pressures Figuie Population differences of the F and F, spin-

of 10-20 iTorr, is dissociated by 249 rm radiation from rotation doublets over total population as a

an eacmer laser. The etrolue laser is alio used to function of rotational qantoum number N" for

poop a tunable dye laser which probes the (N XZ
+ 

dis- CN X 2 (o"2) producea tn the hotodissoota-

tr-bution after a delay on the order of 0 nse,. The tion of IJN at 249 no.

CN fragments are produced in thelt ground elet ru..

mite, and the dye lason ta toned through tie In the course of this study, we have also observed

C. B .1% X2 - transition to probe rhe flis
1  

_tatr that the to spin-rotation components IF and F,) of

dIstri:,utin via laser induced foluorece.,, ( i,- rh-' F X1 fravecent are snequally ppulated and that

In addition to conwrnti on.l aeasotemcts of ltbra- this difference in population changes as a function of

t I and rotattocal populatI-n,, we -'r stC-. -'i! tie N". This has preootoolv been hbcrued ho Wittig and

al jovoent of angula nonen-o In the C(N fragcent. IhIs co-rkers in t!r dissiclation -f ICN and BrCN at

can be doterotrd by obser!.'g the narti- ill ueI- 26b -_. In Fiure I. the difference In popslation of

rescer oteslto a the pr-be -asers o at 1-i 1s the upin-rociti-on dhilets divided by the total popula-

rotated wit!; r-;rct to the direcclon pi yo ric i.tt-n tin it the two l1-oeis *- plitted as a unction of rota-

of t %e ;h,-iosu laser. 0a-n sod.. I. e.'rh.--It II tiual quantum utoher N*'. The populatton differences

made tr a single N" level In the fInal IN X dt .tn- clearly oscillate and tend to increase with N". This

Os t cnd nl:;-lc un.- c M,-tri- effect Isattribted to unterttioos hetweun the spins

butie is exactl' deteroined.
1  

and an ;ular momenta of the iodine and CN fragnents.

Aother vc-toe quaotity that we can measure Is the The ieteracttons and couplings between the various anu-

angular distribution of photfraguents. cur a linearly lar m enta will be medlated by ihe dissociative paten-

polariced photolosis. the noimalord angular ditril - tial energy surface, and so these population differences

ti,,n f ;ehoti-ira.trnts is glaen hv are extected to be a very sensitive function of the

dynamni:. of the piotod siOctation process.
I

-U' -, I n o'p~oocl)O

2I. Rliv Ii. C re-n- cad i ,ld S. ?are, 1. Ch-,. rhys.
wh r ' , , * - 1). In tils ----:tes, ii' ,irt,-c . h<U {I'q .
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A.BSTRACT SUBMITTED FOR THE

CONFERENCE ON THE DYNAMICS

S OF MOLECULAR COLLISIONS

SNOWBIRD, UTAH, JULY 14-19, 1985

p

A Classical Trajectory Surface Hopping approach to

Non-adiabatic Processes occurring during diatom-surface

scattering.

M. KARIKORPI and S. HOLLOWAY, University of Liverpool.

J. W. GADZUK, NBS.

The dynamics of diatomic molecule - surface collisions
involving charge transfer processes between the
partners is presented. The motion of the molecule over
model diabatic potential energy surfaces is considered
assuming that charge harpooning can take place along
the seam where the potential energies of the relevant
electronic states are equal. The probability for
hopping onto a new potential energy surface or
remaining on the initial one is determined in the
Landau-Zener-Tully-Preston picture paying special
attention to the significance that the molecular
affinity level position and width have on the branching
ratios. We report here on a study of the energy
redistribution among the intramolecular and
translational degrees of freedom arising from the
formation of temporary molecular ions and evaluate the
probabilities of incoming molecules being either
dissociatively adsorbed or scattered as neutrals or
molecular ions. The special properties of the
potentials responsible for quasi-periodic vs. chaotic
behaviour are studied focusing on the role which the
nature of the dynamics has on both the evolution of the
process and the derived branching ratios.



GENERATION AND RELAXATION OF
VIBRATIONALLY-EXCITED H2 MOLECULES BY WALL COLLISIONS.

A. M. Karo and J. R. Hiskes
LawrenceLiv-ermore National Laboratory

Livermore, California 94550

Abstract

Computer molecular dynamics has been used to study the de-excitation

as well as the production, of vibrationally-exicted H2 molecules during

both single and repeated wall collisions. Initial vibrational states
range from v" = 2 to v" = 12 and the initial translational energies range

from thermal (i.e., around 500 K) to 100 eV. The average loss or gain of

vibrational, rotational, translational, and total molecular energies for

a statistically-significant number of molecules has been evaluated. At

the higher translational energies (1 - 100 eV) a substantial fraction of
the molecules survive with large (v" > 6) vibrational energy. At

lower, thermal, energies vibrational de-excitation predominates; the loss

of total molecular energy to the wall (accommodation) is in the three to

four percent range, whereas energy redistribution leading to equipartition

among the molecular degrees of freedom occurs rapidly and is essentially

achieved after three to four collisions with the surface. A computer-

generated film will illustrate some of the salient points of the
presentation.

*Work performed under the auspices of the U. S. Department of Energy by the
Lawrence Livermore National Laboratory under contract number W-7405-ENG-48.

1282N. 3/25/85
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AN MPI STUDY OF ROTATIONAL R1LAXATION
IN PULSED NH3 EXPANSIONS

by

a Bruce D. Kay

T. D. Raymond
A. J. Grimley

Sandia National Laboratories
P. O. Box 5800

Albuquerque, New Mexico 87185

ABSTRACT

We have employed resonant enhanced multiphoton ionization (MPI)

spectroscopy to probe the rotational relaxation of NH3 in pulsed
supersonic expansions. These quantum resolved measurements have been

performed under numerous stagnation conditions employing both neat and
seeded NH3 beams. Our results indicate that different nuclear spin
modifications (ortho-para) of NH3 rotationally relax at different

rates; such findings are explained on the basis of rotational state
density and energy-gap considerations. Direct spectroscopic evidence
for energy partitioning of clustering enthalpy into monomer rotation
is observed under stagnation conditions which favor cluster formation.
The mechanism for such energy transfer is based on competition between
monomer rotational relaxation and cluster formation. The details of

U the experimental observations and their implications will be

discussed.

*This work performed at Sandia National Laboratories supported by the

U. S. Department of Energy under contract number

DE-AC04-76DP0789.
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tm: ira1 >L:ial ft t tih-I He - 2 Interaction: Multi-'ro perty Fitting in
th-< :r.fI ,te-7rItr Sud er Al roximation. M. KEIL and G.A. PARKEP, Dep.artment

o f 2hemstry, U.i'.ersltv of Aloerta, Edmonton, Alberta, Canada TCC 2C2

Ar; erwirical intern. :ecuiar r-otential for the interaction of He with CO is
obtained via data reduction of 'henoronoloqical cross sections. The infinite order a;-

.. rximation is used to calculate the total differential, total integrated, and sp ectral

line broadening cross sections, and diffusion, viscosity, thermal conductivity, thermal

J-ffusion factors and second virial coefficients. Second order Chapman-Cowling correc-
t were used to determine some of the transport coefficients and quantum corrections
* the clas-scal virial coefficients were included. The emieirical potential obtained

-Xtareoasl' fits all nine different types of experimental data to within tneir ex-
'umntal error and- the cor:utationa± accuracy.
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Laser Absorption Profiles of a Reactive Collision Complex: Mg + H2

P. D. Kleiber+ , A. M. Lyyra+, K. M. Sando and W. C. Stwalley+

* Iowa Laser Facility and
Department of Chemistry

University of Iowa
Iowa City, Iowa 52242

We report on preliminary experimental studies of the far wing absorp-
i tion of laser light into the MgH 2 reactive collision complex. We have mea-

sured the far wing absorption profile leading to both the non-reactive
channel (Mg* formation) and into specific vibrational-rotational levels of
the reactive channel (MgH (v" = 0, J" = 23) and MgH (v" = 0, J" = 6) for-
mation).

Also Department of Physics.

I
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Abstract Submitted for the 1985 CoTIfurcnce on the Dynamics of Molecular Coils.
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Transfered Ancular Momentum Projections in Reactive

Scattering; H + D 2-- HD + D , H + H 2---> H2 + H C.R.

KLEIN, C.K. LUTRUS, and S.H. SUCK SALK, Univ. of Missouri-

Rolla -- Previously it was found that rovibrational state-

to-state reactive transitions are dominated by the largest

angular momentum transfer for the case of collinearly

1
favored reactions Here we examine the importance of

projection quantum numbers in studying reaction mechanisms.

From the knowledge of favored transfered angular momentum

and its projections we find that the dominant configuration

of the triatomic system during collision is well

understood. For the reactions studyed it is found that

cross sections exhibit dominance of the largest transfered

angular momentum and of the projection quantum number of the

transfered angular momentum m=O.

S.H. Suck Salk and R.W. Emmons, Phys. Rev. A 29, 2906

(1984)

foR. Klein
Physics Dept. and Cloud
Physics Research Ctr.
108 Norwood Hall
Univ. of Missouri - Rolla
Rolla, MO 65401
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ELEMENTARY CATASTROPHES IN SURFACE SCATTERING

Tom Horn, Ariadne Tenner, Pan Hao-Chang and Aart Kleyn

FOM-Institute for Atomic- and Molecular Physics, Kruislaan 407,

1098 SJ Amsterdam, The Netherlands.

Rainbow scattering of atoms or ions from solid surfaces is a

well known phenomenon. It gives information about the collision

dynamics and hence about the interaction potential between projectile
* and solid. The rainbows appear in plots of the scattered intensity

versus the s attering angle. More complex rainbows can be seen

when the scattered intensity is plotted as a function of both the

scattering angle and the energy transfer to the solid (1). The

latter experiments have been performed for the system K + W(ll0)

a t energies around 40 eV and normal incidence. The data indicated
that there is a strong azimuthal dependence of the intensity,

leading to so-called "real" rainbows of the triple differential

cross section, a root of the corresponding 3 by 3 determinant.

In the experiments performed so far the azimuthal dependence is
not studied directly, i.e. only data taken at various azimuthal

angles is compared. In the present study the azimuthal dependence
is studied directly and the data is presented in polar plots.
In these plots cusplike features are present. These features are

indicative of so-called elementary catastrophes, in this case

of the hyperbolic umbillic type.

Elementary catastrophes are a mathematical way to catagorize

Ssingularities arizing from the mapping of continuous functions
on others. Rainbows are an example of a catastrophe in only one
degree of freedom. More complex "rainbows" are in fact examples
of catastrophes. The importance of elementary catastrophes in

light scattering and surface scattering has been demonstrated

by Berry (2). In his calculations, however, model systems have
been used which are not applicable directly to a real surface

scattering situation.

We will demonstrate that elementary catastrophes can be observed

on experimental results for the scattering of K atoms from W(ll0)

in the cusp-like structures already mentioned. The experiments

can be reproduced using classical trajectory calculations with

a realistic interaction potential. In addition, model calcula-
tions will be presented using more simple expressions for the
potential, like sinewave corrugation of a hard wall or over-

lapping hard spheres. From the comparison of these calculations
with experiment it is clear that the elementary catastrophes

observed reflect the symmetry of the interaction potential at

the surface and thus can serve as a very powerful tool in the

study of the dynamics of the gas-surface interaction.

References

(1) A.D. Tenner, K.T. Gillen, T.C.M. Horn, J. Los and A.W. Kleyn,
Phys. Rev. Letters 52 (1984) 2183.

(2) M.V. Berry, Adv. Phys. 25 (1976) 1; J. Phys. A 8 (1975) 566.
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Vibrational-State Selected Ion-Molecule Reactions
in the 02 +(X 2 ) + CH4 System

Kenichiro Tanaka, Tatsuhisa Kato, and Inosuke Koyano

Institute for Molecular Science
Myodaiji, Okazaki 444, Japan

Using the TESICO technique , vibrational-state selected reaction cross

sections have been determined for the three channels of the reaction of

02+ with CH4, viz.,

02 + CH4  CH302
+  + H + 4.70 eV (1)

CH3 + + HO2  - 0.26 eV (2)

CH4
+  + 02 - 0.48 eV. (3)

The vibrational states selected are v =0-3 of the 02+(X
2rg) ion with vi-

bratioal quantum of about 0.23eV.

At a collision energy of 0.27eV, the cross section for exoergic chan-

nel (1) has been found to increase sharply as vibrational quantum number v

increases from 0 to 2 but decrease sharply in going from v =2 to v=3.

Endoergic channels (2) and (3), which have negligibly small cross sections

when v =0, become significant at v =1 and are further enhanced at v = 2,

but their cross sections are still much smaller than that of channel (1).

In going from v= 2 to v =3, however, the increase in the cross section of

channel (3) is dramatic and the CH4
+ ion becomes by far the most abundant

product ion. The cross section of channel (2) is also enhanced consider-

ably at v=3, having a value comparable to that of channel (1).

When overall cross section is plotted versus total energy (i.e..,

Etrans + Evib) our results are found to agree very well with those of
gas2

flow- drift tube study with He buffer gas , where all reactant ions are

believed to be in the ground state and thus the total energy represents

collision energy.

1) I. Koyano and K. Tanaka, J. Chem. Phys. 72, 4858 (1980)
2) I. Dotan, F. C. Fehsenfeld, and D. L. Albritton, J. Chem. Phys.

68, 5665 (1978)
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N-Particle Scattering Equations and Surface

Functions in Hyperspherical Coordinates

Aron Kuppermann

* A. A. Noyes Laborataory of Chemwcal Physics,

California Institute of Technology, Pasadena, California 91125

An explicit expression for the hamiltonian operator for a system of N

particles in hyperspherical coordinates will be given. The body-fixed sur-

face function and scattering equations, after removal of the overall sys-

tem rotation, will be presented, as well as the resulting coupled channel

equations. An application of this formalism to 4 particle systems will be

*given.
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J. C. Tally

AT&T Bell IAboratories
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ABSTRACT
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Dependence of the collision-induced ro-vibrational excitation

on the rotational-state density.

C. S. Lin

Department of Chemistry University of Windsor
Windsor, Ontario, CANADA N9B 3P4

To effect a rigorous study of the above title, the close coupling

scheme of Eastes and Secrest, the Gordon-Secrest He-h 2

* potential, and the basis set {0,8,61 are used. The total energy
of the colliding system is set at 0.941 eV, or 3.5 times the zero
point energy of the hydrogen molecule.
Calculations were done for three systems: He-H 2 and two involv-

ing imaginary diatomic molecules, H2 and i" Vibrational

motions of all three molecules are described by an identical
harmonic oscillator while their rotational states are adjusted
by varying y. in the internal energy expression Evj = 2v + 1 +

2V
j(j+l)/(y0+v+0.5) such that0!

E 0 ,1 0 (H2
11 ) = E 0 , 6 (H2 ) ; 2E0, 1 0 (H2

1 ) = E 0 , 6 (H2 ) + E0,8(H2).

This gives rise to four, five, and six effective rotational
states in each vibrational manifold of H ,H and H2 ",
respectively.

The results are summarized in a table.

H2  2' 2"

4.129 +0 4.793 +0 4.921 +0

* (0,0)_i 6.146 -8 4.395 -8 4.101 -8

4.439 +1 4.437 +1 4.431 +1
(0,0)

(0,0) ( )(0, 0) 0 (v, j)

These values clearly indicate that

1. the rotational-state density has no effect on the total
cross sections (0,0) ;

2. while a higher state density promotes the total excitation

from the state (0,0) , ( (0,0) '

3. it, in fact, reduces the vibrational excitation cross sections,
" '(0,0) 4

.-. . . . . .. . . . . . . . . . . .



Nascent Rotational Product State Distribution in the Charge Transfer

Reaction of N+ + CO + CO+ + N at Near Thermal Enerqy

Guang Hai Lin, JUrgen Maier and Stephen R. Leone

Joint Institute for Laboratory Astrophysics

National Bureau of Standards and University of Colorado, and

Department of Chemistry, Department of Physics, University of Colorado

Boulder, Colorado 80309

An improved ion beam apparatus is used to measure the nascent ro-
r+

tational state distributions in the charge transfer reaction N+ + CO +

CO+ + N for both the major and minor vibrational channels under single-

collision conditions. In the major vibrational channel, v = 0, the ro-

tational distribution under single collision conditions can be charac-

terized by a Boltzmann distribution with the temperaure T = 430 ± 30 K.

The rotational temperature decreases to room temperature when secondary

collisions cause relaxation at higher CO densities. In the minor vi-

brational channel, v = 1, the primary results show that the rotational

distribution is highly excited and non-Boltzmann. For high rotational

* quantum number (K > 22) states, this distribution in the single collision

limit can be approximately characterized by a Boltzmann distribution

with T = 1030 ± 30 K. The distribution in the lower rotational states

* approximates even higher temperatures. The different rotational dis-

tributions suggest that these two vibrational channels have different

reaction mechanisms, possibly a more direct reaction for v = 0, and a

. more intimate collision for v = 1. It is also observed that hiqh rota-

* tional states of CO+(v=1) are more rapidly relaxed on collisions with CO

*than lower states.
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Metal Cluster Chemistry: Surface Reactions at the Molecular Level*

K. Liu, E. K. Parks, S. C. Richtsmeier, L. G. Pobo, and S. J. Riley
Chemis ry Division, Argonne National Laboratory, Argonne, IL 60439

For the first time it is possible to study the gas phase chemical reactions of small
clusters of metal atoms. From a chemical point of view, reactions of metal clusters
bridge the gap between reactions of individual metal atoms and those involving bulk
metal. It is expected that studies of these microscopic aggregates (2-200 atoms) will
provide additional insight into surface chemistry at the molecular level. By com-
bining a laser vaporization cluster source with a continuous gas flow reactor, we
have conducted a comprehensive study of the chemisorption of hydrogen (deuterium)
on iron clusters. The results of these experiments will be used to illustrate the tran-

sition from molecular to bulk behavior as cluster size increases. In particular, the
following aspects of the hydrogen (deuterium) chemisorption on iron clusters will be
examined in detail: (1) cluster reactivity through kinetic studies of H2 (D 2 ) addition;

(2) structural implications through studies of the composition of fully hydrogenated
clusters; (3) chemisorption energetics through laser-induced desorption experiments;
and (4) catalytic behavior of metal clusters through H/D exchange measurements.
Studies of iron cluster reactivity with several other molecules will also be presented.

* Work performed under the auspices of the Office of Basic Energy Sciences, Division
of Chemical Sciences, U. S. Department of Energy, under Contract W-31-109-ENG-
38.



The Dependence of Reaction Cross Sections on Reagent Rotation

W. Grote, G. MUller, U. Wiedermann, and H.J. Loesch

Fakult~t fijr Physik der Universit~t Bielefeld

4800 Bielefeld 1, Germany

Integral cross sections of the two endothermic reactions

Na + HF (v = 1,j) - NaF + H (AD0
0 = 0.54 eV)

K + HF (v = 1,j) - KF + H (ADo0 = 0.8 eV)

(v,j = vib, rot states) have been measured for j = 1 to 6 at various trans-
lational energies E ranging from 0.5 to 0.9 eV (Na + HF) and 0.7 to 0.9 eV
(K + HF) using the crossed molecular beam method. Measurements for the reac-
tion Li + HF (v = 1,j) - Li F + H are currently being performed. First re-
sults will be presented at the conference.

The reaction products emerge from the intersection volume of a continu- -
ous (alkali) and a pulsed (- 100 vis) nozzle beam. The pulsed molecular beam
source is synchronized to a pulsed chemical HF-laser which is tuned to one
of the Pl(j+l)-lines of HF. A few mm upstream from the reaction volume the
laser beam crosses the particle pulse perpendicularly and excites a fraction
of the molecules to the desired v = 1,j-state. The intensity of scattered
particles is measured by a Langmuir-Taylor-detector (Re-ribbon) positioned "
to the most probable centroid angle. The detailed integral reaction cross
sections ur(j;E) are then proportional to the difference of signal tran-
sients for laser "on" and "off" devided by the measured intensity of the
spontaneous infrared radiation emitted by the HF-molecules.

"' It was found that for the both reactions the cross sections first de-
crease slightly with increasing j, pass a faint minimum at j = 3 or 4 and
increase again. The initial descent becomes weaker with increasing E while
the final rise grows more marked for Na + HF and less steep for K + HF.

The results will be interpreted in terms of a novel "sliding mass"-model
which clearly illustrates the tight correlations between the j-dependence of
Or(j;E) and the anisotropy of the potential energy surface. According to the
model a steep descent of ar(i;E) with rising j - as observed forK+HCl [1]-
is likely to be due to an anisotropy characterised by a cone of acceptance
with small cone angle while the shape of the present results reflect a wide
cone angle. Furthermore, the model strongly suggests that the spectacular
structure of Or(j;E) (E = 0.38 eV) predicted for Li + HF (v = 2,j)-4LiF+ H
in a quasi classical trajectory study [2] based on the Carter and Murrell
potential energy function [3] is completely due to the unrealistic angular
dependent features of the surface occuring at large reagent separations.

[1] H.H.Dispert, M.W.Geis, and P.R.Brooks, J.Chem.Phys. 70 (1979) 5317

[21 I.NoorBatcha and N.Sathyamurthy, Chem.Phys. 77 (1983) 67

[3] S.Carter and J.N.Murrell, Mol.Phys. 41 (1980) 567

............................................
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Differential and Integral Cross Sections for the Reactions

K + HCI, HBr -# KCI, KBr + H

W.-K. Wu and H. J. Loesch

Fakult~t fUr Physik der Universit t Bielefeld

4800 Bielefeld 1, Germany

Although these reactions are among the first ones ever studied in mole-
cular beam experiments only little is known about their differential cross
sections. There is one investigation on K + HBr [1] (collision energy E =
0.12 eV) but none on K + HCl. The main reason for this lack of data is the
unfavourable mass ratio of the products which confines the detected salt
molecules closely to the centroid angle. As a consequence, the angular dis-
tributions of products measured in the scattering plane are dominated by
the velocity and angular distributions of the parent beams and contain only
vastly averaged information about the center-of-mass (cm) cross sections.
However, out-of-plane distributions are only little affected by the beam
spreads and reflect directly the recoil velocity distribution of the pro-
ducts. If both types of data are collected the determination of cm-cross
section becomes possible.

In a series of crossed molecular beam experiments we measured for both
reactions in- and out-of-plane angular distributions of products at various
collision energies E ranging from 0.2 eV to 2.1 eV (HCl) and 0.23 eV to
2.9 eV (HBr), respectively. The cm-cross section J has been determined by
a standard least square fit procedure assuming that J separates into an
angular (&) and velocity (u) dependent function J(,,u;E) = fE(a)gE(u). For
both systems distinct forward scattering (K-direction) has been found at
all energies. At the lowest E-values 65 % of the products appear in the

I forward hemisphere. This contribution becomes more marked as the energy
increases and reaches 73 % (HCI) and 80 % (HBr) at the highest energies.
The fraction of the energy available to the products which is converted to
product translation decreases slowly with rising E from 54 % to 31 (HCI)
and 46 7 to 21 Z (HBr).

The in- and out-of-plane distributions have been integrated to obtain
the integral reaction cross section Or(E). For K + HBr Or(E) is almost in-

*dependent of E within the entire range studied. In case of HCI, or exhibits
an initial steep rise followed by a levelling off. The latter shape has
been reported previously [2]; it is typical for a reaction with non-
-vanishing threshold.

[1] K.T.Gillen, C.Riley, and R.B.Bernstein, J.Chem.Phys. 50 (1969) 4019

[2] F.Heismann and H.J.Loesch, Chem.Phys. 64 (1982) 43
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COLLISIONAL DEACTIVATION OF LARGE POLYATOMIC MOLECULES

STUDIED BY MULTIPHOTON IONISATION.

H.G. Lbhmannsrbben and K. Luther

Institut fur Physikalische Chemie der Universitit G6ttingen,
Tammannstrasse 6, D-3400 Gttingen, W-Germany.

A resonant multiphoton ionisation method has been developed

which is suitable e.g. for direct observation of the colli-

sional deactivation of vibationally hiahly excited polyatomic

molecules: With a "selective ionisation by kinetic control"

(SIKC) scheme, using properly chosen wavelength and pumping

conditions, time delayed photoionisation can be confined to

molecules with internal energies of limited ranges. This

allows to observe the time evolution of molecular populations

in distinct "energy windows" on the vibrational energy scale

during the course of collisional deactivation. The resulting

data contain information on the average energy removal in

collisions and on the alterations of the initial energy

distibutions.

Examples are shown and discussed of collisional deactivations

of alkylated benzenes and their isomers.

The vibrationally highly excited ground state molecules are

prepared via a photochemical reaction step or by an internal

conversion following UV excitation into higher singlett states.

. . . .. . . . . . . . . . . . . . ..
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Photolysis of Ar2( 3 u) at 308 na

R. Glen Macdonald and F.C. Sopchyshyn

The interaction of high energy radiation y-rays, electrons or protons with

inert gases has received considerable attention over the years. The

kinetics and energy transfer processes involving excited atomic and

molecular metastable states, as well as processes which remove higher

lying excited states, serve as simple prototypes for a variety of

processes involving Rydberg type atoms and molecules. Such processes are

also relevant to the understanding of gas-discharge phenomena and the

operation of excimer lasers.

This poster will discuss some recent experimental results on the kinetics

of the 4 excited atomic states of Ar of the 3p 4s manifold 3 Pz, 3 P 1 , P0

and P1 . These excited states were produced from the photodissociation of

Ar 2 (3z+ u ) at 308 nm in a high pressure Ar afterglow. Pulse radiolysis

with a 1 Mev, 50 nsec pulse of electrons into pure Ar at moderate (0.5 to

2 atm) pressure was used to create Ar2 (3Z +). After a variable time
delay from the initial e-beam pulse Ar2 (E u) was photodissociated by a
50 J pulse of light at 308 rm. The resulting changes in the population
of Ar atoms in the excited 3p 4s manifold were monitored by atomic
absorption spectrophotmetry. Over the pressure range investigated these
monitored Ar 4s levels were populated at a measurable rate indicating that
energy transfer from the initially produced higher excited atomic levels
must take place through the formation and decay of molecular states.

U
Physical Chemistry Branch

Atomic Energy of Canada Limited
Research Company

Chalk River Nuclear Laboratories
Chalk River, Ontario

* Canada KOJ iJO
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VIBRATIONAL MOTION EFFECTS

ON MOLECULAR POLARIZABILITIES AND HYPERPOLARIZABILITIES
AND THE INFLUENCES OF

APPLIED ELECTRIC FIELDS AND GRADIENTS

David J. Malik
Department of Chemistry

Indiana University - Purdue University at Indianapolis
Indianapolis, IN 46223

and

Clifford E. Dykstra
Department of Chemistry

University of illinois
Urbana, IL 61801

The dependence of molecular tensor properties on the internuclear
coordinate is examined for lithium hydride using the Derivative Hartree-
Fock Theory. 1  The variations noted for some polarizabilities were
substantial for even small changes in the internuclear coordinate. These
properties were then vibrationally averaged over different vibrational
wavefunctions of the ACCD potential energy surface.

Using the appropriate averaged polarizabilities, the vibrational energy
levels were calculated variationally for different applied electric fields
and field gradients in order to evaluate the contributions of the differ-
ent order properties and vibrational state. The field gradient along the
axial direction was found to play a significant role in shifting vibrational
transition frequencies of the molecule. The effects of the induced
moments on the dipole transition moments were also investigated as a
function of the applied fields.

The impact of these results on the internuclear potential energy
surface will be discussed as well as the effects on collisional differential
cross sections.

C. E. Dvkstra and P. G, Jasien, (hirn. bi,*,:. LeWtI 109, 388 (1984).
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THE EFFECT OF SURFACE CORRUGATION

* IN MOLECULE - CRYSTAL SURFACE COLLISIONS

D.C. Collins and H.R. Mayne

Department of Chemistry
Eastern Michigan University

Ypsilanti, MI 48197

L and

R.J. Wolf

Department of Chemistry
University of Arkansas at Little Rock

Little Rock, AR 72204

Classical trajectory calculations of a rigid rotor diatomic molecule scattering
*from a two-dimensional rigid surface have been carried out. The effect of the

corrugation of a repulsive surface on rotational inelasticity and on the polari-
zation behavior of the diatomics has been investigated. It is found that polari-
zation data in good agreement with experiment is obtained only at high corrugation.
Addition of an anisotropic attractive potential allows good agreement with ex-

£ periment for even low corrugation.

1. A.W. Kleyn, A.C. Luntz and D.J. Auerbach, Surfce Sci., 117 (1982)33.

I

POSTER'
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Substituent Effects on Chemiionization Reactions in Crossed Molecular Beams

J. J. McAndrew, J. F. lershborger, R. J. Cross, M. Saunders
Yale University, Chemistry Dept., Box 6666, New Haven, Cr 06511

The mechanisms of a variety of organic cheniionization reactions can be

investigated when a supersonic nozzle beam of a Lewis acid (seeded in a

lighter carrier gas) reacts with a similar beam of Lewis base. Thus we have

looked at proton, electron and halide transfer reactions:

HI + B -> HB+ + I- A = SbCls, SnCl4 , TiC14 , or SbF 5

A + B- A +B+ B = an amine

RX + SbF - + + SbF5-X 21 = an organic halide

1,2
In the first two cases the reaction is direct 1 ' and proceeds by a modified

stripping mechanism. The halide transfer reaction proceeds via a long-lived

complex3 (except at the highest energies). This has been established for

the cases where RI = Y-C 6 H4 (DCl, Y = H, o-, i-, p-Cl. Comparison of product

intensities at the maximum shows that meta-chlorobenzoyl chloride is the

least reactive as expected from the relative energies of the product ions.

The reaction of butyl iodide with SbF 5 might be expected to show

rearrangement of the butyl ion on the basis of solution studies. 4

Preliminary results indicate that the threshold for reaction of t-butyl

iodide is appreciably lower than that for the primary isomer. We have also

recently compared the ease of C1 transfer with that of Br in the reactions

of Cl(QI2 )2 Br and Cl(C 2 )3 Br with SbF5 . The former yields approx. 99% CI

transfer, the latter 90%.

1. J. A. Russell, J. F. Hershberger, J. J. NcAndrew, R. 3. Cross

and M. Saunders, 3. Chem. Phys.,1 March 1985.
2. J. F. Hershberger, 3. J. McAndrew, J. A. Russell, R. 3. Cross
and M. Saunders, J. An. Chem. Soc.,1984, 106, 7995.
3. J. A. Russell, J. F. Hershberger, 3. 3. McAndrew, R. 3. Cross

and N. Saunders, 3. Phys. Chem., 1984, 88, 4494.
4. G. A. Olah, E. B. Baker, J. C. Evans, V. S. Tolgyes, J. S. McIntyre
and I. 3. Bastien, J. Am. Chem. Soc., 1964, 86, 1360.
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Collisional Redistribution of Resonant Radiation in Intense Laser Fields

Frederick H. Mies

National Bureau of Standards, Gaithersburg, MD 20899

Previously we have studied the pressure broadening and depolarization of
the Sr resonance transition in the weak field limit.

QL R

Sr( S) + Ar + ?L Sr+()+ Ar---,>Sr( S) + Ar + fR

where the Rabi frequency RL for absorption of the incident laser photon
wL is taken to be small. In particular wE examined the non-adiabatic
effects associated with the degenerate 1P scattering channel states using
close coupling procedures developed for scattering in radiation fieldsd to
predict the observed polarization the fluorescent photon wR" Since our

radiative close coupling codes are capable of treating strong field
effects 3 we are now systematically increasing the laser field strength and
examining the effects of saturation on the fluorescence spectrum. Three
distinct problems associated with such optical collision process are being
studied.

(1) The impact limit for optically allowed transitions. Even for the
weakest fields, as the detuning AL-(wL-if) of the laser from the.

resonance frequency wif of the atomic transition becomes small, we
eventually achieve saturation in the close coupling codes. This is
indicative of the impact limit in pressure broadening theory. We will
show how proper pressure broadened half widths, which include elastic and
inelastic effects, can be rigorously extracted from close coupled
radiative scattering matrix elements.

(2) Inelastic scattering among atomic dressed states. As a is increased
and eventually exceeds AL the asymptotic channel states for the collision
complex Sr + Ar become dressed and the proper scattering boundary

5 conditions must be referenced to the ac Stark shifted states of Sr.
Scattering cross sections between these states obtained from our fully

quantal close coupling code will e compared to the 4-state semiclassical
model results of Light and Sz5ke.

(3) Collisional redistribution spectra in the impact limit. We have
expanded the close coupling code to include a second photon field of

r frequency WR. We introduce a large, nearly resonant Rabi frequency QR for

the redistributed photon and calculate the radiative scattering matrix.
By scanning through wR we obtain the pressure-broadened redistribution
spectra in the impact limit and observe manifestations of the typical
thrue-pgaked Mollow lineshape due to fluorescence between dressed atomic
states.

1. P.S. Julienne and F.H. Mies, Phys. Rev. A30, 831 (1984)
2. F.H. Mies, in Theoretical Chemistry: Advances and Perspectives,

Vol. 6B, (Ed. D. Henderson, Academic Press, N.Y., 1981) pp. 127-128
3. P.S. Julienne and F.H. Mies, Phys. Rev. A25, 3399 (1982)
4. J. Light and A. Sz5ke, Phys. Rev. A18, 1363 (1978)
5. F.H. Mies, J. Quant. Spectros. Radiat. Transfer, 29, 237 (1983)



RESONANT ROTATIONAL ENERGY TRANSFER IN HF

by

R.E. Miller* and P.F. Vohralik

The Australian National University

*Present address: University of North Carolina

ABSTRACT

An in plane, crossed molecular beam apparatus has been used to measure

resonant rotational energy transfer in collisions between two HF molecules.

The primary molecular beam was formed from a 1% HF in He mixture expanded

from a source pressure of up to 22 atm. In this way the majority of the HF

could be cooled into the J=0 and J=l states. Individual state populations

were measured using an F-Center laser in conjunction with a liquid helium

cooled bolometer detector. A pure HF secondary beam was used to attenuate

the primary beam while monitoring the individual state populations of the

later. The attenuation measurements obtained in this way clearly show

effects which can be attributed to resonant rotational energy transfer

resulting from the long range dipole-dipole interactions. A kinetic model

was used to extract state-to-state cross sections from this data. The

first order dipole allowed process HF(J=O) + HF(J=1) - HF(J=1) + HF(J=0)

is found to have a cross section of approximately 300 A2 . In addition, the

results indicate that the second order dipole allowed cross sections,

having AJ=2, are about 40 A
2

. . .. ."..



Real Time Measurements of the Infrared Photodissociation

of Polyatomic Van der Waals Molecules

A. Mitchell, M.J. McAuliffe, W.R. Gentry

A reflectron type time of flight mass spectrometer with

a multiphoton ionization source is used to measure the

infrared photodissociation dynamics of polyatomic

Van der Waals molecules. The attenuation of a dimer

L mass peak is monitored as a function of the time delay

between vibrational excitation with a CO2 laser and

ionization with the tripled output from a Nd Yag laser.

Both weakly bound and hydrogen bonded systems are being

studied. Results will be reported.

K.•
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Pressure Broadening Line Shape Cross 
Sections

of HD Colliding with H2 and He

J. Schaefer* -

Max-Planck-Institut fuer Astrophysik
Munich, West Germany

and

L. Monchick**
The Johns Hopkins Univ K y-i-- A-lied Physics Laboratory

Laurel, Maryland 20707

The pressure dependent width and shift cross sections of HD (J=O + 1)
colliding with H2 (para and ortho) and He have been calculated following the
formalism of Ben-Reuven.1

The scattering matrix elements contributing for the HD-H 2 system have
been derived from a 12-term interaction potential which gave quantitative
agreement with beam experiments (J=O + I differential cross sections) of Buck
et al. 2 Since the shift cross sections are extremely sensitive to the cen-
trifugal stretching effects of the molecules, 3 but only two intramolecular
distances of each molecule have been retained in the potential representation
used, and additionally the temperature averaging had to be done for a function
of changing sign, we can only present qualitative results for the shift. The
results for the width are more reliable. Inelastic effects contributing to
the (elastic) cross sections will be discussed.

All the difficulties arising for the molecule-molecule system could be
avoided with regard to the HD-He system. The six-term interaction potential, 4

used for obtaining the scattering matrix elements has been tested very suc-
cessfully,5 the centrifugal stretching effects are sufficiently represented4

and, even the missing resonance features are in favor of a straightforward
calculation of the cross sections.

In the comparison of both systems, we have found comparable results for
the width cross sections but different signs for the shift. Reasons confirm-
ing the latter disagreement will be discussed.

REFERENCFS

1 (a) A. Ben-Peuven, Phys. Rev. 141, 34 (1966); ibid 145, 7 (1966); ibid A4,
2115 (1Q77); (b) I. Monchic aind-L. W. Hunter, to be published.

2 U. Ruck, F Huisken, J. SchlPusener, J. Shaefer, J. Chem. Phys. 74, 535
(1981).

3 R. Schafer and R. G. Gordon, J. Chem. Phys. 58, 5422 (1973).
4 J. Schaefer and W. E. Koehler, Physica 129A, 469 (1985).
5 W. E. Koehler and J. Schaefer, Physica 120A, 185 (1983).

*Supported in part by Max-Planck Institute and by NATO Grant RG068.80.
**Supported in part by NATO Grant RGfl68.80 and by Naval Sea Systems Command

Contract N00024-85-C-5301.

, ~~~~~~~~~~~........ ................--.-....-..-..--.....--. •-. . ......°Z..... .-... 1-.- ..-.-



Relative Reaction Rates ot Gas-Phase Transition Metal Clusters - • 'i

Michael D. Morse, Dept. ot Chemistry, University ot Utah, Salt Lake City,
Utah
and M. E. Geusic, J. R. Heath, S. C. O'Brien, and R. E. Smalley,
Department of Chemistry, Rice University, Houston, Texas

A new fast-flow device has been developed for the study of metal
cluster reactions in the gas phase. Metal clusters are produced by laser
vaporization of a metal target in the throat of a pulsed supersonic
expansion, and expand into a fast-flow reaction tube. Reactants are
injected into this tube, mixed by turbulence, and the metal cluster-
reactant mixture expands into vacuum as it exits the reaction tube.
Direct one-photon ionization with the F2 excimer laser (157 nm, 7.89 eV)
coupled with time-of-flight mass spectroscopy allows the reaction
products to be probed.

Relative rates ot reaction are determined by the amount the bare
cluster signal depletes when reactant is injected (compared to a control
experiment with helium injected). Experiments show that the pattern of
reactivity of cobalt clusters with D2 and N2 is similar, with huge
variations in reaction probability as a function of cluster size.Similarly huge variations occur in the Nbn + N2 and Nbn + Di systems, but

with a ditterent reactivity pattern than observed for cobal. In
addition, a titration limit is observed for Con + D2, in which reaction
stops when a certain number of D2 molecules have been added, leading to
species such as Co11 DI0, Co1Z D10, Co13 D1, Co 1 4 D 2 , C0 D1, and,2 1.C 15 014, and:
Co 1 6 014. In contrast, reactions between CU and various transition metal
clusters show no strong dependence on cluster size whatever.

These dramatic patterns of reactivity of metal clusters provide
stringent tests for future theories as to the nature of chemisorption on
metal surtaces at a detailed, molecular level. In addition, the reaction
tube design produces jet-cooled product molecules which are suitable for

* spectroscopic study. This will enable the detailed characterization of
the metal-ligand bond by high-resolution electronic spectroscopy.

................................................................



Time-dependent quantum mechanics of the

colinear H + H 2 reaction

Earl M. Mortensen and Linda J. Frick
Department of Chemistry

Cleveland State University
Cleveland, Ohio 44]15

The time-dependent Schrodinger equation is used to evaluate

the reaction probabilities for the linear H + H2 reaction. The

wave function is written as the product of time-independent

translational and vibrational functions and time-dependent

coefficients. A minimum wave packet is created from the initial

coefficients. The time-dependent Schrodinger equation is then

evaluated at a time after the packet has cleared the barrier to

obtain the probability of reaction. One attractive feature of

this approach is that the integrals are independent of the time

and kinetic energy associated with the initial packet.

Therefore, they need only be evaluated once for the range of

translational energies being considered. Once these integrals

have been evaluated, the calculation of the probability takes

relatively little computer time. Another feature of this

procedure is that in the evaluation of the probability, it is not

necessary to integrate the time-dependent equations in a step-

wise manner over time. This saves considerable time since only

one time step of any size need be used. Calculations are done

*using both a LEPS(London-Eyring-Polanyi-Sato) and a Porter-

Karplus potential energy surfaces to facilitate comparison with

previous work.
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Poster to be presented at the 1985 Conference of the Dyanmics of Molecular

Collisions, Snowbird, Utah.

STATE-TO-STATE VIBRATIONAL RELAXATION

IN IB2 u BENZENE-d6 INDUCED BY LOW ENERGY

COLLISIONS.

Deswond J. Muller and Alan. E.W. Knight

School of Science, Griffith University,

Nathan, Brisbane, Queensland 4111, Australia.

Vibrational relaxation in S, benzene-dc has been explored using

time-resolved, state-selected, dispersed fluorescence spectroscopy. Path-

ways for collisional deactivation of the level 6' have been mapped for

collisions with argon in the translational temperature regime 1 - 20K.

Low energy collisionsinduce transfer predominantly to the levels 111, 161

and 162. Relative rates for each of the individual relaxation channels

have been measured as a function of the mean collision energy (corresponding

to the relevant translational temperature). The data comment on the

issue of resonance enhancement of vibrational relaxation cross sections

at low collision energies and on the collision energy dependence of state-

to-state propensities in polyatomic vibrational relaxation.
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Recombination Reactions of van der Waals Molecules (- .

J. Nieman, J. Shwartz*, R. Naaman

Department of Isotope Research

Weizmann Institute, Rehovot, Israel

In previous work it was demonstrated that reactions of van der Waals

molecules and clusters may provide a useful medium for studying the effect

of the "third body" on chemical reactions. It has been shown that even a

single "spectator" which is involved in the process can effectively induce

new types of phenomena.

It is of course of special interest to investigate reactions that can

not occur between two species, and for which the "third body" is really

essential. In the work that is here presented, we concentrated on such a

process - namely recombination reactions for which the spectator is needed

in order to carry away some energy from the reaction complex, thereby

3 *
stabilizing it. The reactions studied were: 0( P) + CO.R CO +

n 2

and O(3 P) + NO-R NO* + ... " where R are the spectators Ar, Ne, He, N2'n 2 2.3

CO SO and CO/NO, and CO* and NO* are the electronically excited products.
'2) 2 2 2

Applying the cross-molecular atomic beam technique and detecting the

total chemiluminescence signal from the products, as well as its angular

distribution and velocity, new insight on these processes could be gained.

Because of the sensitivity of the reaction cross-section to the

number of spectators, the technique was proven to be a sensitive measure

for the clusterization process.

. .. . "
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MODIFICATION OF THE HTNDERED-ROTOR APPROACH BY MEANS OF LEAST-SQUARES
COORDT NATES

Grigory A. Natanson, Joint Institute for Laboratory Astrophysics, University
of Colorado and National Bureau of S tandards, Boulder, Colorado 80309

The work starts from studing the relationship between Marcus' natural
collision coordinates s,n,m [i, the least-squares set of coordinates s(ls),
111,q,9,qo [23 and their Cartesian analogue used by Miller, Handy and Adams [31
for a collinear reaction AB+C-.A+BC. It is shown that compared with Marcus'
reaction coordinate s the use of the least-squares reaction coordinate s(ls)
[21 provides better separation between overall rotations and the bending
motion along the reaction path which is chosen to be exactly the same in the
two :ases. (Note tne difference between the terms "reaction path" and
"reaction coordinate"i. The essential point is that different reaction
coordinates result in different bending harmonic frequencies along the path.

The main purpose of the work is to transfer some ideas from the Marcus-
Wyatt hindered-rotor ipproach [1,41 to the formalism based on least-squares
coordinates. As i new -pplic-ation a triatomic system dissociating or
preJissoclating on -i single potential surface is considered. The torsional
anl.] 4 ff is introduced in such a way that near any point at the reaction
path it describes the normal vibration with amplitude becoming larger and
13rger during the dissociation process; at the limit of isolated products the
vibration turns into free rotation of the atom about the diatom.

References
1. R.A.Marcus, J.Chem.Phys. 49, 2610 (1968).
2. G.A.Natanson, Mol.Phys. 4, 491 (1982).
. W.H.Miller, N.C.Handy, and J.E.Adams, J.Chem.Phys. 72, 99 (1980).

4. R.E.Wyatt, J.Chem.Phys. 56, 590 (1972).
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SPECTROSCOPY AND AUTODETACHMENT DYNAMICS OF NEGATIVE IONS

D. M. Neumark, K. R. Lykke, T. Andersen and W. C. Lineberger
Department of Chemistry and Joint Institute for Laboratory Astrophysics

University of Colorado, Boulder, Colorado 80309

m The study of autodetaching states of negative ions leads to an

understanding of the spectroscopy of these ions as well as the dynamics of the

autodetachment process. Using a coaxial laser-ion beam spectrometer, we have

obtained an infrared vibration-rotation spectrum of NH and an electronic

spectrum for CH 2CN • In NH, transitions between the v=0 and v=1 vibrational

levels were pumped with an F-center laser, and subsequent vibrational

autodetachment from the v=1 level was detected. In C- 2CN , an electronic

state near the photodetachment threshold was probed. This is expected to be a

dipole-bound state, and the rotational levels above the detachment threshold

decay by rotational autodetachment. The NH- results are particularly

interesting as they show markedly different autodetachment lifetimes for the

v=1 A-doublet levels.

IN

I
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Fraction of Laser Excited Atoms in Na Vapor and Fast Na Beams..

D. P. Wang, S. Y. Tang and R. H. Neynaber
University of California, San Diego, La Jolla, CA 92093 and
La Jolla Institute, La Jolla, CA 92038

A beam-gas technique involving ion-pair production in alkali-

halogen collisions has been used to measure the fraction, f , of laser

excited Na atoms, Na , in Na vapor and fast (keV) Na beams. The Na

2
which is in the 3 P 3 / 2 state, is produced by a Coherent 599-21 single

frequency CW dye laser pumped by a Coherent Innova-5 Ar ion laser. In

the excited-beam experiments the laser light is coincident with the Na

atom beam. The f is determined by passing the beam through a vapor

+
of I in a cell and measuring, with the laser on and off, the Na current

2

resulting from the ion-pair production reaction Na + 1- Na + I . The

technique works because the crossing radii are quite different for ground-

state (GS) Na and Na and allow only the former to react. As an example,

for a 5000 eV Na beam and an optimum laser power of 100 mW/cm

f 0. 065. In the excited-vapor experiments the pressure in the Na cell

is typically 0. 1 mTorr. A few keV C1 beam coincident with the laser is

used to measure f via, as before, ion-pair formation. In this case Cl
±7-7

is detected from Na + Cl -* Na + C1 If n0 is the constant GS Na atom

density and n (x) the variable Na density along the axis x of the cell of
L:

'- : -1 I" "4';

length L, then f is defined as f (n 0L)- n (x)dx. A typical f =
0

2I
0. 02 for a laser power of 1000 mW/cm 2

Supported by NSF CPE83-10965 and the Air Force Office of Scientific
Research (AFSC) under Contract No. F49620-84-C-0058.
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IMPACT PARAMETER DEPENDENCE OF CHEMICAL REACTION:

Opacity function for the Ba + HI - Bal + H system.

Chifuru Noda, John S. McKillop*, Janet R. Waldeck, and Richard N. Zare

Department of Chemistry, Stanford University, Stanford, California 94305

In general, the Impact parameter, b, can not be measured
experimentally. However, when a heavy atom(H) reacts with a heavy-
light(HL) diatomic molecule to produce a heavy-heavy(HH) diatomic
molecule, the orbital angular momentum of the incoming collision
partners, L = pvrelb, Is channeled into the rotational angular momentum of
the product.') Therefore, by measuring the rotational distributions of the
product HH in a specific vibrational level, the impact parameter
dependence of the reactive scattering (opacity function) can be

L determined.
We measured the product rotational

distribution In the beam-gas reaction of Ba ROTATIONAL DISTRIBUTION (FLUX)

+ HI -+ BaI(v=8) + H. a near limiting
example of such H+HL -* HH+L reactions.
By assuming various shapes for opacity .. 0-

function and by simulating the rotational
distributions using a Monte-Carlo method, I
we obtained the opacity function as P(b)=1 . 0 2 A-

for 1.75K b 3.75A, and P(b)=O otherwise b(A)

(see Figure). 2, 3) This suggests that the
product vibrational level Is closely related Catc.

. with the Impact parameter. Experiment is
.. under way to determine opacity functions

for different vibrational levels of Bal and
to understand the relation between the 0 100 200 300 400 500

impact parameter and product vibrational
distributions.

present address: D-462, T. J. Watson Research Center, Yorktown
Heights, NY 10598.

• I) D. R. Herschbach, Adv. Chem. Phys. v. 10, "Molecular Beams", ed. J. Ross,
p. 319 (Wiley, NY, 1966).

2) J. S. McKillop, Ph.D. Thesis, Stanford University, 1985.
3) J. S. McKillop, C. Noda, M. A. Johnson, J. R. Waldeck, and R. N. Zare, to

be published.
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DISSOCIATION OF liD BY CONTROLLED ELECTRON IMPACT:

ISOTOPE EFFECTS

Teiichiro OGAWA, Keiji NAKASHIMA, and Hirofumi KAWAZUMI

Department of Molecular Science and Technology, Kyushu University
Kasuga-shi, Fukuoka 816, Japan

HD is the simplest heteroisotropic diatomic molecule and isotope

effect in dissociation is likely to be most pronounced.

The lineshape and intensity of Balmer emission produced in e-HD colli-

sions were measured and ratios of the emission cross sections of H*(n=3-7)

and D*(n=3-7) were obtained. The results are shown in Figs. 1 and 2.

In the case of n=4, there is a weak isotope effect (cr Da H 1.1) at

25 eV. It decreased with increasing electron energy up to 45 eV and then

increased. This result indicates that a slow component of the excited

hydrogen atom (threshold- 17 eV, translational energy 0-2 eV) and a fast

component (threshold - 45 eV) are responsible for the observed isotope

effect. Meanwhile in the case of n=3, no isotope effect was observed at

all electron energies.

Coupling with the motion of nucleus induces the coupling between

gerade and ungerade states and results in an appreciable isotope effect
2in the dissociation for a slow atom, as is shown experimentally. The

isotope effect is expected to be small for a fast atom; the experimental

result is, however, contradictory.

n=31.1 -"::

f I I1.0

n=4 3 4 5 67 o
0 quantum number

1.0 Fig. 2. Principal quantum
number dependence at 100 eV.

I I j I I References
50 lo0b

eV l)M.Higo, S.Kamata, & T.Ogawa,

Fig. t. Relative emission intensity Chem. Phys. 66, 243 (1982).

for n = 3 and 4. 2)J.Durup, J.Phys.(Paris)39,941(1978).
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NEAR-RESONANT CHARGE-EXCHANGE IN GAS-SURFACE COLLISIONS: THE THREE

ELECTRONIC STATE SYSTEM

by

John A. Olson
and

Barbara J. Garrison

ft Department of Chemistry
152 Davey Laboratory

The Pennsylvania State University
Universitky Park, PA 16802

A recently proposed theoretical description of near-resonant charge-
transfer processes occurring in gas-surface collisions is applied to a
system with three electronic channels. The description is based on
representing the surface with a small cluster of atoms. A molecular orbital
(MO) treatment (Diatomics in Molecules) is used to construct the
eigenvalues and eigenfunctions of the surface. These are combined with the
corresponding atomic eigenvalues and eigenfunctions of the gas to construct
well defined gas-surface interaction potentials and electronic coupling
terms. These potentials and couplings are used in the transformation to the
diabatic electronic representation. These diabatic potentials provide the
input that is needed in the common eikonal formalism. This formalism
results in a coupled set of first order differential equations in time
which self-consistently determine the evolution of the "nuclear" and
electronic variables. These equations have the form of Hamilton's equations
of motion with the real and imaginary parts of the transition amplitudes as
well as the nuclear "position" and "momentum" forming a set of canonical
variables. Integrating these equations leads to a time dependent

.p description of the scattering event.

The formalism is applied to a thermal energy sodium atom scattering
from a W(ll0) surface. The surface is represented by a cluster of five W

' atoms. The MO procedures lead to fifteen interaction potentials, five of
which are asymptotically neutral and ten asymptotically ionic. For a
particular choice of the sodium approach, symmetry restrictions reduce the
number of electronic states that couple. Results for the ionization
probability are presented for the case of three electronic channels. The
channels consist of a neutral state (the initial channel) and two ionic
states. A comparison with the two state case (one neutral and one ionic) is
made to determine the effect of the extra ionic channel. The dependence of
the ionization probabililty on the ionic well depth is also investigated.

. . .



Lq2C
Variational Transition State Theory for a Radical Combination Reaction

on an Ab Initio Potential Energy Surface : If + CH3

James F. LeBlanc and Philip D. Pacey
Department of Chemistry
Dalhousie University
Halifax, Nova Scotia, Canada
B3H 4J3

Canonical variational transition state theory calculations have been

performed for the reaction

11 - C -+ CH4

on an ab initio potential energy surface due to Duchovic, Hase and Schlegel

The two rotational degrees of freedom of CH3 which become vibrations in CH4

were treated both as harmonic oscillators and as hindered rotations in the

transition state. Other vibrations were treated as harmonic. The resulting

energy levels and partition functions were compared to empirical rules. Changing

from harmonic oscillators to hindered rotations changed the partition functions

by an order of magnitude or more for C.. .H distances greater than 0.3 nm. The

C.. .F distance for the critical complexes was 0.23 nm at 2000K for both models,

but 0.28 nm for harmonic oscillators and 0.4 nm for hindered rotors at 300K.

For both models, the rate constant is predicted to decrease with increasing

temperature.

1. R. J. Duchovic, W. L. Hase and I. B. Schlegel, J. Phys. Chem. 88, 1339 (1984).
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NEAR-RESONANT E-V ENERGY TRANSFER FROM THE 2.3 gm ELECTRONICALLY EXCITED
STATE OF PuF6 TO H2 AND HF

Walter W. Riceb James E. Barefield pIb

Russell T Pack,c and Bobby A. Dye

Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

Near resonant electronic to vibrational (E-V) energy transfer from the

2.3 pm electronically excited state of PuF 6 to H2 and to HF is observed via

* laser-induced fluorescence (LIF) measurements. In the H2 case, the LIF dis-

plays an interesting rapid decay followed by an anomalously long tail, indi-

L cating that the H2 (v=1) state is serving as an energy storage reservoir. In

the HF case, the E-V energy transfer leads to rapid quenching. Emission from

- the E-V produced HF (v=l) is also observed and found to be strongly absorbed

by the HF (v=O) present. This self-absorptioon and the kinetics of both

systems have been modeled and the E-V and quenching rate constants deter-

mined.

P a) Work performed under the auspices of the U.S. Department of Energy.
b) Chemistry Division, MS J567.
c) Theoretical Division, MS J569.
d) Materials Science and Technology Division, MS E505
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Molecular beam studies of reactions of Cu with halogens
J.M. Parson and W.J. Rosano, Department of Chemistry,

Ohio State University, Columbus, OH 43210

The abstraction reactions Cu + X2 + CuX + X for X = F, C1, Br, and I have

* been studied using electronic chemiluminescence and cw laser induced fluores-

cence of CuX in order to determine the detailed partitioning of energy in the

products. Specific reactions are assigned to Cu ground state (2S) or excited

states (2D) using the dependence of the signal on the Cu oven temperature.

Spectral simulations indicate that vibrational distributions of CuX formed

from Cu( 2S) generally decrease with increasing v. This may be attributable to

randomization of energy in a CuX 2 collision complex. Total chemiluminescent

cross sections are much larger for reactions of Cu( 2D) (- 6.4A 2 with Br2 ,
4.1A 2 with 12, and 1.6A2 with Ct2 ) than for reactions of Cu( 2S) (~ O.OIA2

with F2 and energetically forbidden with the other halogens). One possible

explanation of these favorable chemiluminescent pathways, though largely non-

adiabatic, is that ionization of Cu( 2D) during the reaction involves a 3D

3d94s state of Cu+ which resembles the electronic structure of the chemilumi-

nescent states. Ionization of Cu( 2S) is not expected to yield excited states

of CuX since it involves only the 1S 3d10 state of Cu+ , which resembles the

ground state of CuX.

.................... . . . . -,-r"~'



VIBRATIONAL ENERGY TRANSFER IN COLLISIONS BETWEEN TWO DIATOMIC
MOLECULES: AN APPROXIMATE TREATMENT

m (G. A. Pfeffer
Department of Chemistry

University of Nebraska at Omaha
Omaha, NE 68182-0109

The exact quantum mehcanical study of vibrational energy transfer
can quickly become prohibitively time consuming as the complexity of the
collision partners increases. This fact has motivated much work in
approximating the exact collision problem. A series of sudden
approximations has recently been presented (the vibration/rotation

|, infinite-order sudden approximation; VRIOSA) which removes all coupling
from the differential equations describing an atom-molecule collision
system and has been applied to heavy molecule-light atom collinear,
breathing-sphere and full three-dimensional collisions [I]. The VRIOSA
results have been sufficiently accurate and computationally convenient

to warrant further applications.
Preliminary work is reported here for collisions between two

diatomic molecules. Not only is this system a logical extension of the
previous work, but also the study can address some of the questions
raised regarding the validity of sudden approximations in describing two
colliding diatomic molecules [2]. The VRIOSA equations have been
derived in three-dimensions even though this initial investigation is
restricted to collinear collisions since exact results with which to

U compare already exist [3]. In the collinear case, one may consider
three possibilities in applying the vibrational part of the VRIOSA:

I. approximate the vibrational motion of molecule 1, but not 2,

2. approximate the vibrational motion of molecule 2, but not 1,
3. approximate the vibrational motion of both molecules.

These choices are all considered [4].

I1]. G. A. Pfeffer, J. Phys. Chem., in press.
[21. B. Chang, L. Eno and H. Rabitz, J. Chem. Phys. 78, 3027 (1983).

[3]. X. Chapuisat, G. Bergeron and J. M. Launay, Chem. Phys 20, 285
, (1977); X. Chapuisat and G. Bergeron, Chem. Phys. 36, 397 (1979).

[4]. An analogous mixed-approximation treatment has been used for the
rotational and centrifugal sudden approximations. See J. Anders,
U. Buck, H. Meyer and J. M. Launay, J. Chem. Phys. 76, 1417
(1982); Z. Ba~ie, R. Schinke and G. 1. F. Diercksen, J. Chem.

Phys. 82, 245 (1985).
I



'A Study of Adiabatic and Sudden Approximations

for Reactive Collisions'

by

Eli Pollak

Chemical Physics Dept.
Weizmann Institute of Science

Rehovot, Israel

Absract.

Traditionally, the reactive sudden approximation was

used to predict cross sections from the ground rotational
state of reactants only. Thermal rate constants were then
obtained by assuming that the magnitude of the cross section
is the same for all rotational states. Similarly, the
adiabatic BCRLM approximation was used to provide
approximate cross sections for reaction from the ground
rotational state. The discrepancies between the two types
of approximation were very large. The adiabatic theory
predicted larger thresholds for reaction than the sudden.
Above threshold though, the BCRLM cross sections were much

larger than the sudden. In the present study, we
reformulate both approximations and obtain from them
rotationally averaged cross sections. As a result, we find
that apart from zero point bend energies, the two
theories are in excellent agreement. Numerical comparisons
are provided for the energy and (bend) angle dependence of
the cross section in the D+II reaction.
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Semiclassical Wave Packet Studies of Elastic and inelastic Atom-Surface

Scattering from a 31) Model Surface

Charles B. Smith, P. M. Agrawal and Lionel M. Raff

Department of Chemistry

Oklahoma State University
Stillwater, Oklahoma 74078

The semiclassical wave packet method for the investigation of
* elastic and inelastic gas-surface scattering is extended to the calculation

of diffraction patterns and Debye-Waller factors for scattering from a
*three-dimensional surface. The methods treats the incident atomic beam
* as a quantum mechanical wave packet which is propagated by the time-evolu-

tion operator through a time-varying potential field produced by the
classical motion of the lattice. Application of the method to hydrogen-
atom scattering from a model 3D surface yields energy transfer coefficients

Lin good accord with our previous 2D semiclassical results and with the
experimental molecular beam data. The calculated final-state momentum

* and energy distributions are highly structured and show that inelastic
effects dominate the scattering process at high surface temperatures. At
T = 300 K, the scattering is found to be more nearly elastic. The

siructural features of the distributions are shown to be correlated with
the power spectrum for the lattice motion. Diffractive scattering is
evident even at T = 1500 K. At T = 300 K, the diffraction is much more

pronounced due to5 the increased elasticity of the collision and a larger
Debye-Waller factor. The positions of the calculated diffraction peaks

" are found to be in excellent accord with that expected from the known
grating and distribution of incident wavelengths. The dependence of the

* computed Debye-Waller factors upon T , the surface Debye temperature and
the gas-surface potential well depth is found to be accurately described
by the simplified expressions developed by Beeby and by Comsa et al. In
general, the method is shown to be well-suited to the study of elastic and
inelastic gas-surface scattering.

Financial support for this research has been provided by the Air Force
Office of Scientific Research under Grant AFOSR-82-0311.
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Monte Carlo Random Walk Study of Recombination and Desorption of Hydrogen
on Si(11l)

I. NoorBatcha , Lionel M. Raff and Donald L. Thompson

Department of Chemistry

Oklahoma State University

Stillwater, Oklahoma 74078

The recombination/desorption of H and the desorption of hydrogen
atoms from a Si(ill) surface have been investigated using Monte Carlo
transition-state theory methods with a biased random walk. Rate coefficients,
activation energies, pre-exponential factors and angular desorption
distributions have been computed for both reaction channels. The distri-
bution of polarization angles for the H2 rotational angular momentum vector
is also reported. The potential-energy surface is expressed as the sum
of a lattice potential, a lattice-adatom interaction term, and an adatom-
adatom interaction. Keating's formulation as given by Weber is used for
the lattice potential. A pairwise sum of 60 Morse potentials represents
the adatom-lattice term. The adatom-adatom interaction is a Morse function
multiplied by a hyperbolic switching function. The potential parameters
are adjusted to fit the theoretical data for the Si(Ill)-H interaction
potential and the measured adsorption energy of H 2 on Si(lll). The
surface predicts a barrier of 0.61 eV for H 2 adsorption and the existence

of an H* precursor state in the recombination/desorption process. Thermal
desorption of hydrogen atoms is predicted to be too slow to be an observable
process. The computed activation energies are in good agreement with the
experimental data. The calculated pre-exponential factor for H recombina-

3 2tion/desorption is a factor of 10 smaller than the measured results. A
detailed treatment of a reaction mechanism involving an H* precursor
intermediate indicates that this difference is due to to 3ifferences in
the surface coverage present in the calculations and in the experiments.
In general, the theoretical methods are shown to be well-suited for the
study of this type of rare-event process.

• On leave from The American College, Madurai 625002, INDIA.

Financial support for this research has been provided by the Air Force

Office of Scientific Research under Grant AFOSR-82-0311.
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* QUANTUM ERGODIC PROPERTIES OF THE HENON-HEILES SYSTEM

B. Ramachandran and K. G. Kay
Department of Chemistry
Kansas State University
Manhattan, Kansas 66506

U

Althougn semiclassical ergodic theory identifies the consequences
of classical ergodicity for quantum systems, it applies only to
systems with infinitesimal h which become strictly ergodic as
h 0 0. The present work2 investigates the degree to which this
theory can be generalized to identify the consequences of possibly
incomplete classical ergodicity for quantum systems that are away
from the classical limit.

To extend the existing theory, a quantity FACl is introduced to
measure the degree to which a given property A is a classical constant
of motion. FACl always lies between 0 and I and can be used to define
the degree of ergodicity of the classical system. For a system that
is strictly ergodic, FACl = 0 for all "acceptable" A. Next, in a
manner inspired by the semiclassical theory, an analogous quantity
FAqm is introduced to measure the extent to which A is a quantum
constant of motion. FAqm approaches FACl in the classical limit and,
like FACl, always lies between 0 and 1. This quantity can be used
to define the degree of ergodicity of a quantum mecharical system
but this definition becomes precise only as t + 0.

FAqm and FACl are compared for a variety of properties A for the
standard Henon-Heiles system with X = 0.1118. These studies reveal

! that the increased classical degree of ergodicity of this system at
high energies is mirrored quantum mechanically and has consequences
for certain matrix elements. Th re are, however, some significant
differences between FAqm and FAC which may indicate differing degrees
of quantum and classical ergodicity. The sources and implications
of this disagreement are investigated by examining time-dependent
correlation functions of A.

References:

1. Kenneth G. Kay, J. Chem. Phys. 79, 3026 (1983).

2. B. Ramachandran and K. G. Kay, (in preparation).
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Scaling Principles in Classical Collision Dynamics

R. Ramaswamy
Chemical Physics Group

Tata Institute of Fundamental Research
Bombay 400 005, India

Abstract

The use of scaling or factorization principles in inelastic molecular

dynamics is current. Within a classical description of the scattering process

the existence of scaling principles permit the expression of post-collision

variables in terms of pre-collision variables through simple polynomial

forms. A variety of applications has shown the utility of such a classical

scaling theory in reducing computational effort. Interpolation through

scaling is extremely accurate and large numbers of trajectory computations

can be bypassed.

Correspondence between classical and quantum scaling theories allows

for expression of classical scaling coefficients in terms of (state-to-state)

quantal transition probabilities. This leads to a new method of inverting

classical moments to get quantum information in bimolecular collisions.

The theory is derived for asymptotically integrable systems. It

however remains valid for weak perturbation, i.e. for the regular regime

in nonintegrable systems. Departures from scaling provide a new means of

characterizing the effects of chaos.

A similar scaling also exists for the primitive semiclassical eigen-

value spectrum of typical vibrational Hamiltonians. This effects a simple

quantization method wherein it is unnecessary to find any particular EBK

torus in order to obtain eigenvalues.

. 7



QUANTUM-RFSOLVED GAfl 2SJiVACi'E SCATTER INGi:
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T. 1). Raymond -id IreD. Kay
8Ofld i-i Nait onal oar *

Al buquorque ,NV 8i/ i 85i

Catalys is and co rr o:s ion r .p r u, en t An1 i n d js t-i a IIy an d

scientifically important cl1a ss of hot (.rogencvous proceosso s i n which

en~ rgy transfer a t the gsuraeintr rface(- plays a, fundamentl-_ r ol.

Jsing la1ser m'lti-ohoton ionizaition spt_ troscaopy, we' have obta'iried the

f irs t quantum resolved sp(ectrIm of ra pu Iyat om ic mo leeule , NH3 ,

scattered frnm a surface. Aininon i - ihis. bern chos ncr due to its

interesting s u rfac(.e chemis-try anid booi ki;i it poss;esse3 aiddi t i onalI

intornal degrees of f roedom ( 3-nx is rot-it ion aind invors ion ) not f ound in

i near molecules (e.g. NO, 70). These exr-r imnt:s consist o' sca::tlering

al spatially 3nd temporally defined plc-u rcr molecular bea-m of

Nil, from a wellI-chairacteri zed tungst,,n targe:_t undor ultra-high va-cuum

eond it ions. W;e have examined ril3 rtl ra 1 energy aiccommodation from
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:3 t Ud ies 4 e have i n v stL i g a t ed the N !i -urfae(c res i dnce t.ime wi tn cO

U.c rtesolut ion . The re Li )1t f i , ox p, r iments and the ir

imiplications will be presented.

*Trmjs work performed at BadaNationatl Labotababrics , supported by the
l .8 . Department of' Energy under Cent ract No. IDE-ACD4-7H)POO789.



MOLECULAR DYNAMICS STUDY OF OPTICAL COLLISION SPECTRA

F. Rebentrost

Max-Planck-Institut fdr Quantenoptik, D-8046 Garching, West Germany

The absorption of nonresonant photons outside the impact region of a spectral

transition occurs during collisions with the perturber gas. Particularly interest-

ing is the aspect of a spectroscopic investigation of the collision dynamics by

the information contained in the intensity and polarization of the fluorescence

after a far-wing excitation of collision pairs. In the limit of zero-perturber

pressure the observables are directly related to the frequency-dependent optical

collision cross sections.

*Recently we have made much progress in developing the quantum methods to cal-

.- culate optical collision spectra. As an example, Fig. 1 shows the thermal-averaged

relative fluorescence intensity from the two D-lines following far-wing excitation

*"[ of Na-Ar collision pairs. From the analysis of the calculation a clear and quan- "

titative picture is derived on the role of the various couplings that determine

the final outcome of the collision during the dissociation of the collision pair.

For example, the behavior of the DI excitation probability at large detunings in
the blue wing reflects the energy dependence of a nonadiabatic transition invol-

2 2
ving the B 7I and A P1 states (Fig. 2).
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FIGURE 1 Calculated relative D I excitation FIGURE 2 Long-range behaviour of the

probability versus detuning from excited Na-Ar potentials

the Na-D line.
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CLASSICAL TRAJECTORY SIMULATION OF THE CHARGE EXCHANGE REACTION
+2 N2

+1  1 2
Ar ( 3/2) + N2( v=) Ar(S 2 ( vP3 '0) +

2) g9

Dorothy L. Rocklin, Jean H. Futrell, Keith Birkinshaw*, and
Randall B. Shirts, Department of Chemistry, University of Utah,
Salt Lake City, UT 84112

Classical trajectory calculations have been performed on
ad hoc potential surfaces for the named reaction. The poten-
tial surface for the entrance channel is obtained from
electrostatic parameters and the well depth adjusted to fit
experimental results for unreactive elastic and inelastic
collisions. The potential surface for the exit channel is
obtained from electrostatic parameters and experimental results
for the reverse reaction. Surface hopping models are then used
and adjusted to investigate the nature of the reactive coupling
which produces energy and angular specific scattering of the
vibrationally excited products.

* On leave from The University College of Wales, Aberystwyth,
U.K.
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COLLISION-INDUCED ABSORPTION SPECTRA OF H2 -HE

AT TEMPERATURES UP TO 100 K.

by

Joachim Schaefer

Max-Planck-lnstltut f~r Astrophyslk, 8046 Garching, FRG

and

Wilfried Meyer

Fachberelch Chemle der UniversItAt Kalserslautern, 6750 Kaiserslautern, FRG

The recently tested ab-initlo potential of H2-He (1,2) has been used for

calculating scattering wave functions representing partial wave expansions for a

large set of energy points. Subsequently, the Induced dipole moment of the

112 -He system recently determined In ab InItlo calculations has been used for

obtaining dipole transition matrix elements and absorption spectra of various

temperatures up to 100 K. Some structure showing up In the spectra is partly

due or enhanced by the anisotropy of the Interaction potential. One single

term (Do,) of the dipole moment expansion provides a quasi-thermal

component to the spectrum. Its temperature dependence Is carefully

discussed. The findings of this paper will be compared with results shown In

a recent paper of Birnbaum et al. (3) who had published a comparison of

measured and calculated spectra obtained in an approximate procedure.

References: -

1) W. Meyer. P. C. Harlharan. and W. Kutzelnigg. J. Chem. Phys. 73.

1880 (1980)

2) J. Schaefer and W. E. Kbhler, Physlca 129A, 469 (1985)

3) G. Birnbaum, Shih-I Chu. A. Dalgarno. L. Frommhold, and E. L. Wright.

Phys. Rev. 29. 595 (1984)
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Time Delay in Classically Forbidden Processes

Steven D. Schwartz and Philip Pechukas

Department of Chemistry

0 Columbia University
New York, New York 10027

We examine the question of time delay in classically
forbidden processes. Rigorous mathematical results are
derived which seem to violate the relativity principle
independent of the total energy of the problem. This result
is discussed in terms of wave equations other than the

Schrodinger equation. We address a number of other questions
which relate to the form of experimentally prepared
wavepackets.
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A QUANTUM MECHANICAL STUDY OF ROTATIONAL ENERGY

TRANSFER IN HF-HF COLLISIONS

David W. Schwenke and Donald G. Truhlar
Department of Chemistry and Supercomputer Institute,
University of Minnesota, Minneapolis, Minnesota 55455

We present quantum mechanical transition probabilities converged
with respect to increasing the basis set for rotational energy transfer in
HF-HF collisions with total angular momentum zero. Results are presented
for calculations employing several hundred channels. Several different
total energies and interaction potentialsl, 2 are considered. An important
aspect of this work is to determine the best order to add rotational and
orbital basis functions for efficient convergence of the probabilities. It

* appears that larger basis sets are required than were used in previous
* studies 3 of this problem.

We wish to acknowledge support for this work by the National Science
* Foundation, under grant no. CHE83-17944, and grants of computer time from

the University of Minnesota Supercomputer Institute, the Control Data
Corporation, and Cray Research Incorporated.

1. M. H. Alexander and A. E. DePristo, J. Chem. Phys. 65, 5009 (1976).

. 2. M. J. Redmon and S. B. Binkley, to be published.

3. M. H. Alexander, J. Chem. Phys. 73, 5135 (1980).
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A Study of the Reaction H+(vo) + H2(vr =O) -- H' + H Using the Photoionization

and RF Octupole Ion Guide Methods

J. D. Shao and C. Y. Ng
Ames Laboratory, U. S. Department of Energy and Department of Chemistry, Iowa

State University, Ames, Iowa 50011

U

Total phenomenological cross sections of the title reaction for individual

vibrational state of H+ have been measured previously with the photoionization

and the single reaction chamber techniques at center-of-mass collision energies

(Ec.m.) less than 1 eV 1-3. Since the phenomenological cross sections represent

velocity averages over the microscopic cross sections, conversion of phenome-

nological cross sections to microscopic cross sections is desired in order to

compare experiment with theory. However, there are severe practical limitation
-  on the accuracy to which microscopic cross sections may be delived by this means.

We have measured the absolute total microscopic cross sections of the title+ l

reaction as a function of vibrational state of H2, v" = 0-4, over the Ecm range

of 0.25-15 eV using the photoionization and RF ion guide methods. The experimen-

tal results are compared to the "trajectory surface hopping" (TSH) calculation ofm4
Stine and Muckerman and the recent quasi-classical trajectory calculation of

5Eaker and Schatz . The absolute total cross sections measured for vo=O and 3 at

E =0.5, 1, 3, and 5 eV are found to be in better agreement with the TSH

calculations of Stine and Muckerman which include diabatic charge transfer. This

study and the isotopic study of Anderson et al. 6 , together with the recent state-

selected study of the symmetric charge transfer reaction H2 + H2  provide

detailed experimental data for probing the dynamics of the H2 + H2 reactions.

References:

1. W. A. Chupka, M. E. Russell, and K. Refaey, J. Chem. Phys. 48, 1518 (1968).
2. I. Koyano and K. Tanaka, J. Chem. Phys. 72, 4858 (1980).

" 3. D. van Pijkeren, E. Bottjes, J. van Eck, and A. Niehaus, Chem. Phys. 91, 293
(1984).

4. Data of Stine and Muckerman (1980). See J. T. Muckerman, Theor. Chem. 6, 1
(1981).

5. C. W. Eaker and G. C. Schatz, to be published.
6. S. L. Anderson, F. A. Houle, D. Gerlich, and Y. T. Lee, J. Chem. Phys. 75,

2153 (1981).
7. C.-L. Liao, C.-X. Liao, and C. Y. Ng, J. Chem. Phys. 81, 5672 (1984).
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Abstract for Snowbird Conference

Rotational Effects on Intramolecular

Vibrational Energy Flow in HCN.

R. Scott Smith and Randall B. Shirts

Department of Chemistry
University of Utah

Salt Lake City, UT 84112

Recent results have shown significant rotational effects on
the rate of intramolecular vibrational energy transfer for the
local mode model of H20 (W.B. Clodius and R.D. Shirts, J. Chem.

Phys. 81, 6624, 1984). Applying similar classical techniques to -

the HCN local model, the effects of rotation on vibrational
behavior are examined. Poincarle surfaces of section are used to
illustrate these results. Classical and semiclassical analysis is
used to calculate the rates of energy transfer. These rates will
be compared with the experimental spectrum of HCN.
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DESIGN AND PERFORMANCE CHARACTERISTICS
FOR A NEW TANDEM MASS SPECTROMETER

A. Shukla, S. Howard, S. Anderson, and J. H. Futrell,
University of Utah, Salt Lake City, UT 84112

A tandem hybrid mass spectrometer has been designed with
emphasis on the capability to investigate the collision
dynamics of the collisional activation step. The combination
of a commercial high resolution mass spectrometer as the ion
gun with a supersonic molecular beam which accurately defines
the collision region, a deceleration lens which permits the
exploration of the energy regime from 0.3 eV-6 kilovolts, and a
rotatable spherical energy analyzer with a quadrupole mass
filter final detector provides the necessary instrumentation
for characterizing CAD collisions dynamically. A third mass
spectrometer serves to characterize the neutral beam. The
combination of these characteristics permits us to establish
the relative importance of competing reaction channels, measure
the absolute cross-sections for these reactions with moderate
accuracy and evaluate quantitatively the relative importance of
such key experimental parameters as reactant collision energy,
kinetic energy distributions of the reaction products and their
angular scattering properties.

Design features of the instrument will be discussed and
preliminary results will be presented. Whether the total
instrument is a virtual tandem mass spectrometer or a real one
depends primarily on the delivery of crucial components which
have been ordered but not received as of the date of this
abstract. As a minimum the performance of the deceleration
lens, molecular beam and rotatable detector will be presented.

I
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Molecular dynamics of Penning ionization:

Ionization of H2 and its isotopes by He-(2 1 '3S)t

D.W. Martin, C. Weiser, R.F. Sperlein, D.L. Bernfeld
and P.E. Siska

Department of Chemistry, University of Pittsburgh
Pittsburgh, Pennsylvania 15260 USA

Mass-analyzed kinetic energy dependence of relative cross
sections for all possible ionic products for He*(2l3S) + H2, D2
and for He*(2 1 ,3S) + HD -> HD+, HeH , HeD , HeHD has been meas-
ured in the range E = 0.5-3.0 kcal/mol using a crossed supersonic
beams apparatus described briefly elsewhere (13. The results for
total ion production, obtained by summing the signals for contri-
buting channels, are fit within experimental error for both 1S
and 3S by calculations based on optical potential surfaces E23
obtained from nonreactive scattering of He* by D2. Product ion
branching is currently being analyzed using the turning-point-
Langevin model proposed earlier E1l. While the data and the model
do not agree perfectly, both disagree with earlier classical tra-
jectory calculations 13), in that we find that the ratio of rear-
rangement ionization (HeH+ or HeD+) to the total declines rather
than increases with collision energy, and is tracked by the minor
associative ionization (HeH2+) channel.

Supported by the National Science Foundation and by the donors
of the Petroleum Research Fund administered by the American
Chemical Society.

Ell D.W. Martin, D. Bernfeld and P.E. Siska, Chem Phys. Lett.
110. 298 (1984).

[23 D.W. Martin and P.E. Siska, J. Chem. Phys. 82, 0000 (1985).

[3 R.K. Preston and J.S. Cohen, J. Chem. Phys. 65, 1589 (1976).
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ENERGY TRANSFER IN H + CO COLLISION

i N. Sivakumar, Rachel Ogorzalek and P. L. Houston

Department of Chemistry, Cornell University

Ithaca, New York 14853

The vibrational, rotational distribution of CO resulting

from T + V,R transfer in H + CO collisions is measured by VUV

Laser Induced Fluorescence. The fast H atoms are produced by

photodissociation of H2S that is pulsed along with CO through a

nozzle. The initial rotational state distribution of CO is

characterized by a temperature of approximately 60'K. The con-

ditions of the experiments are such that the H atom should have

undergone only one collision. The experimental results for H

atom translational energy of 2.30 eV are compared with those

from trajectory calculations on the HCO surface.

References

1. C. A. Wight and S. R. Leone, J. Chem. Phys. 78, 4875

(1983).

2. C. A. Wight and S. R. Leone, J. Chem. Phys. 79, 4822

(1983).

3. C. F. Wood, G. W. Flynn and R. E. Weston, Jr., J. Chem.

Phys. 77, 4776 (1982).

4. L. C. Geiger and G. C. Schatz, J. Phys. Chem. 88, 214

(1984).
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Adiabatic Switching of Reactive Trajectories

F. Borondo and Rex T. Skodje
Department of Chemistry
University of Colorado
Boulder, CO 80309

Trapped, quantized trajectories in chemically reactive systems are
efficiently located using an adiabatic switching procedure. We show
that certain properties of multidimensional reactive resonances can
be understood using these trajectories.
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A TWO-POT&'iTIAL CPTICA.L JALCULATION tiF e-MI i L:BSI"
j AT TR i U' 4J.

.3. Srivastava and B. Singh

Physics DeDartment ,Meerut University,Meerut-250005,India.

Differential cross sections (DkJ) for e-CH4 elastic scatt-

ering have been calculated at incident energies of 100, 205,410,

500 and 820 eV using a two-potential treatment of the first-

order static and the secona-order polarization-absorption parts

of the optical potential correct to secona order ootained from

a multiple scattering expansion. Using this procedure under

reasonable assumptions the direct scattering amolitude can be

written as f, + f - f, where f is the scattering amplit-D3T E EST 6
ude due to the static potential computed using the partial wave

method and fE and fEST are the eikonal amplitudes due to the

optical and the static potentials, respectively. f- and f

have also been calculated using the Blankenbeckler and Goldber-2
ger wave function in place of the usual eikonal wave function.

The exchange scatterin. amplitude has been calculated using the

pseudostate local ootential method of Vanderpoortan3 and also
4using the Ochkur aporoximation. The iDC have oeen calculated

using (a) only the static and polarization parts and (b) using

the static, polarization and absorption parts of the optical

potential. 'he calculated results have been compared with the

" vailable experimental data and with oneanother to study the

iioortance of absorption effects at various incident energies.
The results will be presented and discussed.

lieferences

1. B.6.rivastava and S.3.Dhal,XiII IJPzA Abstracts of contri-
buted papers (ed.J.Eichler et aL)p.8O and the references
therein.

2. it. 3lankenoeckler and M.L. (oldbergerPhys. Rev.126,766(c21,.

7. R.Vanderpoortan, J.Phys.3.Atom.iMolec.Fhys.19,1 535 (1976).

4. V.I. Ochkur, Sov. Phys. JETP 18, 503 (1964).
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SO,4
Reaction dynamics on clusters. The unimolecular decomposition of
molecular ions in association with inert gas clusters.

A .1 Stare. School of Molecular Sciences. University of Sussex. Falmer,

Brighton, BN1 9QJ, U.K.

By carefully controlling the nozzle conditions in the adiabatic expansion
of gas mixtures. it is possible to form clusters of the type Arn.X and
(COf)n.X. where X ranges from 1_ to (CH 3CHzCH2 )2 CO. Despite the apparent
fragile nature of these mixed clusters, it is observed that upon electron
impact ionization X' undergoes unimolecular decomposition without

significantly disrupting the inert gas component. In some cases the
critical energies of reaction are as high as 2eV and several molecular
ions display three or more parallel decomposition routes. Examples of

these reactions are

Arn.(CH.)zCO+ 4 Arn.CH 3COW + CH,

(COz)n.(CH3 )zCO' 4 (COz)n.CHCO+ + CH3

Arn.(CHj) z O
' 4 Arn.CH30CH2

+ i H - Arn.CHO + + CH 3 + H2

From a detailed study of these systems we have been able to draw the
following qualitative conclusions regarding the reactions and structure of

the Arn.X' clusters [1].

1) In large clusters the ionization and excitation of X appears
to proceed via a charge transfer mechanism.

2) The molecular ion decomposes because of the comparatively slow
rate of intermolecular energy transfer between it and the inert
gas component. Results suggest that the relaxation time for
vibrational energy loss from the excited ion to the inert gas

component is of the order of 10- 2 - 10-".

3) The molecular ion appears to 'sit on' rather than 'within' the

ion cluster.

4) Individual ion clusters appear to exhibit behaviour which could
be associated with their undergoing a phase transition.

Results will be presented which indicate that association with an inert
gas cluster can modify the decomposition route(s) of a molecular ion.

[1 A J Stace. J.Phys.Chem.. 87. 2286(1983).
A J Stace. Chem.Phys.Lett., 99. 470(1983).
A J Stace. J.Am.Chem.Soc. . 106. 1380(1984).
A J Stace. J.Am.Chem.Soc.. 107, 755(1985).
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A NEW GLOBAL POTENTIAL ENERGY SURFACE
FOR CH3 + H2 - CH4 + H

Rozeanne Steckler, Kenneth J. Dykema, Franklin B. Brown, and Donald G. Truhlar

Department of Chemistry, University of Minnesota, Minneapolis, MN 55455

and

Trina Valencich
Department of Chemistry, California State University,

Los Angeles, CA 90032

Using reaction-path Hamiltonian methods and variational transition

state theory,l we have done an extensive analysis of two previously pro-

posed global potential energy surfaces for CH3+H2 - CH4+H, one by
Raff 2 and the second a slightly modified version of the Valencich, Bunker,
and Chapman surface, 3 ,4 and we have designed a new surface by improving
the Raff surface. Variational transition state theory has been applied
to all three surfaces to calculate rate constants. Saddlepoint properties
will be compared to previous ab initio results, 5 and rate constants,
activation energies, and kinetic isotope effects will be compared to
experiment. The calculations are also used to evaluate the role of
tunneling in this reaction and to determine the properties of the dynami-
cal bottlenecks.

*This work was supported in part by the U.S. Department of Energy,
Office of Basic Energy Sciences under contract no. DE-ACO2-79ER-10425.

D. G. Truhlar, A. D. Isaacson, and B. C. Garrett, in The Theory of
Chemical Reaction Dynamics, edited by M. Baer (CRC Press, Boca
Raton, FL, 1985), Vol. 4, p. 1.

2 L. M. Raff, J. Chem. Phys. 60, 2220 (1974).

T. Valencich and D. L. Bunker, J. Chem. Phys. 61, 21 (1974).

S. Chapman and D. L. Bunker, J. Chem. Phys. 62, 2890 (1975).

5 G.C. Schatz, S. P. Walch, and A. F. Wagner, J. Chem. Phys. 73, 4536 (1980).
G.C"caz .P acadA .Wanr .Ce.Py.7,43 18)
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Is DWBA Dead or Alive?;

Reactive Scattering Study based on

Perturbation Methods (DWBA and CCBA)

S. H. Suck Salk and C. K. Lutrus

Department of Physics and Graduate Center
for Cloud Physics Research

University of Missouri - Rolla
Rolla, MO 65401

Currently several versions of perturbation methods are available for studying

reactive scattering processes. These met Vd)differ in several aspects. Unlike

others, in the DWBA method of Salk (Suck ' the transition matrix elements are

expanded in terms of transfered angular momentum, thereby giving additional

information on reaction mechanisms by revealing the role of preferential angular

momentum transfer. Further the role of asymmetric potential surface in reactive
scattering can be understood from the kinematics of transfered angular momentum

and its projection. Such points will be explicitly spelled out. Unlike other DWBA

treatments, in our DWBA we intentionally maintain the use of unperturbed molecular

wave functions in the transition amplitude in order to correctly ensure the
important equivalence relation between the prior- and post-forms of interaction,
although the perturbed molecular DWBA can be readily implemented into our approach.

Any DWBA method which does not satisfy the equivalence relation is subject to
strong uncertainty due to indeterminism on the choice of interaction form. Further

our DWBA is found to yield nearly identical structures of angular dimtibutions to
exact close-coupling calculations unless collision energy is too high . Thus this

method enables us to succesfully explore microscopic reaction mechanisms such as

the role of angular momentum transfer mentioned above, despite the failure of
correct absolute magnitude prediction. Our recently developed more generalized

perturbation method of CCBA (coupled-channel Born Approximation) will correct this

failure. This point will be judiciously discussed. Further the merit of this

method will be discussed by making a comparison with the DWBA method mentioned
above. Finally a new theory of reactive resonance scattering will be stressed along

the same vety_ the perturbation approach that we have prtsented in various

literatures

1. S. H. Suck Salk, Phys. Rev. A 15, 1893 (1977)
2. S. H. Suck Salk, Phys. Rev. A 27, 187 (1983)

3. S. H. Suck Salk and C. K. Lutrus, J1. Chem. Phys. submitted.
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Applications of the General Classical Variational Theory of
the Rates of Atom-Diatom Reactions to the H+HBr Abstraction

and Exchange Reactions

G.W. Koeppl and D.I. Sverdlik
Department of Chemistry
Queens College of the City University of New York
Flushing, N.Y. 11367

The classical variational theory of chemical reaction rates

gives the rate as the equilibrium flux of systems through a trial

surface in the phase space of the reaction system(l). The surface

divides the phase space into reactant and product regions and is

varied to obtain a minimum upper bound for the rate of product formation.

For bimolecular reactions of the type A+BC-'AB+C, we have derived

expressions for the microcanonical and canonical formulations of this

theory which give the energy dependent mean reaction cross section S r(E)

and canonical rate constant k r(T), respectively, for the most general

surface defined by configuration space coordinates. We have obtained the

differential equations which define the best dividing surfaces of this type

for both microcanonical and canonical cases. We have developed a numerical

method based on a simplex algorithm which permits an efficient determination

of the coefficients in the second order expansion of the dividing surface

for both the microcanonical and canonical cases.

We have previously applied this method to the H+H2 and H+I2 reactions.

These reactions have also been studied by Martin and Raff using a dividing

surface defined by a linear combination of the configuration coordinates(2).

For these reactions the potential energy surface is symmetrical with respect

to attack at either end of the diatomic reactant. Here we apply the method

to the H+HBr abstraction and exchange reactions. This reaction system

presents a significant challenge to the variational theory. The potential

energy surface has a weak angular dependence and dissimilar channels for

the abstraction and exchange products, H2 and HBr, respectively.

(1) J.C. Keck, Adv. Chem. Phys. 13, 85 (1967).

(2) D.L. Martin and L.M. Raff, J. Chem. Phys. 77, 1235 (1982).
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Evaluation of Microcanonical Rate Constants by Path Integral

Techniques

B.C. Garrett

Chemical dynamics corporation

1550 West Henderson Road

Columbus, Ohio 43220

D. Thirumalai and B.J. Berne

Department of Chemistry

Columbia University

New York, NY 10027

An expression for the microcanonical rate constant that can be

conveniently evaluated by path integral techniques is proposed. The

efficacy of the method is illustrated by obtaining accurate

transmission probabilities as a function of energy for a particle

tunneling through an Eckart barrier. The application of the method to

systems involving many degrees of freedom is discussed.

* Address after 8/1/85: Department of Chemistry and the Institute for

Physical Sicences and Technology, University of Maryland, College

Park, MD 20742
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Energy Constraints in the Overtone Vibration Initiated
Unimolecular Decomposition of HOOH(5v OH)

T. M. Ticich, T. R. Rizzo, H. R. DUbal, and F. F. Crim
Department of Chemistry, University of Wisconsin

Madison, Wisconsin 53706

We have extended our studies of the vibrational overtone induced dissociation

of hydrogen peroxide (HOOH) and its deuterated analog to the fourth overtone of the

Oh stretching vibration (5v01). This experiment provides a means of investigating

the spectroscopy and dynamics of HOOHI(HOOD) molecules with increasing amounts of

internal energy. The 46.5 kcal mol - I of energy added to the HOOH(HOOD) molecules

L upon excitation of 5v is 3.1 kcal mol -1 less than the dissociation barrier. This

-l
dictates that the molecules must possess 3.1 kcal mol of initial internal energy

to undergo unimolecular decomposition. Detection of rotationally excited OH(OD)

products using laser induced fluorescence requires that the molecules have additional

energy beyond the minimum required for decomposition. The HOOH excitation spectra

change dramatically as the OH level being probed is varied. This reflects the

increasing contribution of torsional and vibrational hot bands to the spectra with

increasing probe level energy. A model incorporating the different effective

torsional potentials in the ground and vibrationally excited molecule describes the

coarse vibrational structure in the spectra. In addition the model predicts bands

beyond the previously studied region that have now been verified experimentally. A

*phase space model describing the distribution of the OH(OD) fragments among their

rotational states is not consistent with these measurements, unlike the distributions

obtained from 6vOH excitation of HOOH(HOOD).

OH".. •
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QUANTUM MECHANICAL THERMAL RATE CONSTANTS -

John W. Tromp, Bruce K. Holmer,

Philip L. Hunter, and William H. Miller

Department of Chemistry

University of California-Berkeley

Berkeley, CA 94720

A formalism for calculating thermally averaged quantum .

mechanical rate constants for chemical reactions which eliminates

the need to solve the state-to-state scattering problem has been

previously derived (1). It was shown that the rate constant is

the long time limit of the derivative of a side-side correlation

function or the time integral of a flux-flux correlation function.

In the present work, we use a basis set expansion method to

calculate these correlation functions for a simplified problem.

This solution is then used as a reference in a Monte Carlo

calculation of the rate constant for the complete problem.

(1) W. H. Miller, S. D. Schwartz, and J. W. Tromp, J. Chem.

Phys. 79, 4889 (1983).
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YNAMI OF uH + ALKANE REACFIONS

Fran P. Tully, August T. Droege, Carl F. Melius,
and M. L. Koszykowski

2ombustion Research Facility
';andia National Laboratories

Livermore, CA 94550

The ab.tr wi Won of hydrogen atoms from alkanes by OH is the principal
mechanism of' fuel consumption in lean and stoichiometric alkane/air flames.
In this work, kinetic measurements were made on the reactions of OH with
protonated and selectively deuterated ethane and propane. These results
were combined with theoretical calculations of the geometries, energetics,

*, and thermochemistry of the involved molecular species to produce dynamical
information on the reactions.

Figure 1 displays an Arrhenius plot of our kinetic data for the reac-
tions OH + C 2 H6 , C2 H3 D3 , and C2 D6 . The solid and dotted curves
represent, respectively, best-fits of the OH + C2 H6 and OH + C2 D6 measure-
ments to equations of the form k(T) = ATn exp-(E7RT). The dashed curve is
obtained by combining these fits as k(T) = 0.5[k(OH + C2 H6 ) + k(OH + C2 D6 )],
and provides excellent agreement with our measured data for the reaction OH
+ C2 H3D 3. These observations are consistent with our theoretical result
that the (C-H-O-H) transition state properties are only weakly dependent
on the nature of R in the R-(C-H-O-H) activated complex.

Neglecting tunneling corrections, the simplest approximate treatment of
kinetic isotope effects considers changes in the activation energy of the
reaction brought about by shifts of the zero-point energies in the reactants

I and activated complex upon isotopic substitution. One would expect kH/kD
exp AE0 /RT, where AE0 is the reaction activation energy difference
caused by deuterium substitution. In Fig. 2, ln [k(OH + C2 H6 )/k(OH + C2 D6 )]
is plotted as a function of 1000/T. Straight-line behavior is observed,
AEo = 910 cal/mole, and kH/kD 4 1 as 1000/T 4 0. These results agree well
with our theoretical estimate of AEo = 1060 cal/mole, and suggest that

*tunneling is unimportant for these reactions at the temperatures studied.
Six OH + deuterium-substituted propane reactions were also studied and

are discussed. Separation of reactivity into primary and secondary H-atom
*. abstraction channels was achieved.

This research is supported by the Office of Basic Energy Sciences,
U. S. Department of Energy.
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Fig. 1. Kinetic data for O * ethane reactions. Fig. 2. Kinetic isotope effect in OH + ethane.
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Velocity Dependence of Xenop Halide Excimer Rotational
Alignment in Xe* + RX --- > XeX + R Reactions

George W. Tyndall, Mattanjah S. deVries, Cathy L. Cobb, and
Richard M. Martin

Department of Chemistry, University of California, Santa
Barbara, CA 93106

In molecular beam experiments, the prefered spatial
alignment of an electronically excited molecule can be
determined by measuring the polarization of the chemi-
luminescence. We have recently developed a beam-gas time-
of-flight (TOF) method for measuring chemiluminescence po-
larization as a continuous function of collision velocity.
The experiment compares chemiluminescence intensities
through an "optical bridge" consisting of two polarizers
oriented parallel and perpendicular to the relative velocity
vector, v. Since v is fixed in a beam-gas arrangement, this
allows us to utilize the TOF method to obtain the rotational
alignment over the thermal collision energy range.

We have studied a number of cases involving different
halogen donors. In all the cases studied, the rotational
alignment is found to depend strongly on: 1) the collision
energy, 2) the mass combination (kinematics), 3) the dynam-
ics on the potential energy surface. A situation in which
the partitioning of angular momentum is tightly constiained
by the conservation laws 9ccurs in the reactions of Xe + HX
(X=CI,Br). Both the XeBr and XeCI excimers have the rota-
tional angular momentum J' strongly polarized perpendicular
to v, as expected from the kinematics. While the kinematics
alone can satisfactorily account for the polarization of
XeX from the hydrogen halides, the partitioning of angula;
momentum is only weakly constrained in the reactions of Xe
with X (X=Cl,Br,I). In these reactions the observed polar-
izatioR is thought to be predominately dynamic in o;igin.
This is particularly true for the polarization of XeBr from
Xe + Br . In this case, the rotational angular momentum
vector is seen to show a considerable degree of alignment
perpendicular to v. This alignment rapidly decreases as the
collision velocity decreases and eventually shows a prefer-
ence for parallel alignment at the lowest velocities stu-
died. An additional degree of freedom is introduced in the
reactions of Xe with the halogenated methanes. In these
reactions one can investigate th partitioning of rotational
angular momentum between the XeX excimer and the recoiling
methyl fragment. Our results suggest distinct differences
in the dynamics of the chloro-, bromo-, and iodomethanes.

At present, calculations employing a version of the
direct interaction with product repulsion (DIPR) model are
being performed to analyze the dynamic and kinematic contri-
butions to the observed polarization.

S... .. .. .......... . .. ........ . . .. ",.. .-.,-,.-,.---.-(
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Ov "t,'ne Excitation and Remote Bond Dissociation

T. Uzer and .1. T. Hynes

Department of Chemistry, University of Colorado at Boulder, Boulder, CO 80309, USA

2
Within the context of unimolecular reactions induced by overtone excitation

we present a theoretical study of the intramolecular redistribution of overtone

vibrational energy in model chain molecules. We focus on the influence of

vibrational mode-mode energy transfer in causing dissociation of the chain at

a bond remote from the initial excitation site. Various circumstances that

maffect this energy flow, such as the presence of a heavy atom blocker in model

organometallic compounds, are also studied. In addition to processes describable

by classical mechanics, we consider quantal energy transfer as well.

U

1\lso associated with the Joint Institute for Laboratory Astrophysics

L.g. , T. U:er and J. T. Ilynes, Chen. Phys. Letters 113,4,,3(1985).
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A DOUBLE MANY-BODY EXPANSION OF MOLECULAR POTENTIAL ENERGY FUNCTIONS:
APPLICATION TO SELECTED TRIATOMIC MOLECULES AND TRIATOMIC VAN DER WAALS

MOLECULES

A.J.C. Varandas and J. Brandao

Departamento de Qufmica, Universidade de Coimbra

3049 Coimbra, Portugal

Recently [i], we have suggested the use of a double many-body
expansion (DMBE) of the molecular energy as a means for determining
te potential energy functions of small polyatomic systems. The method,
which aims for generality by not differentiating between normal molecules
arid van der Waals molecules, is based on the many-body expansion (MBE) [2]
of the molecular energy but treats separately the Hartree-Fock (implied
extended-Hartree-Fock whenever appropriate) and the correlation components
of the various n-body energy terms; the relevant theory has recently been
surveyed [2,3]. Thus, unlike the Hartree-Fock plus damped dispersion ">
energy (HFD) [4] and the Tang-Toennies [5] models of intermolecular
forces, breaking of the strong chemical bonds is, of course, allowed
within the DMBE formalism.

We report here applications of the DMBE to the ground-state potentials
of HeH 2, HeLi2, and HO 2 thus covering surface topographies which range
from typical van der Waals interactions to those typically encountered
for the ground-state interaction of open-shell systems. The potentials
are valid over the complete 3D configuration space of the triatomic system,-n
and show the correct R behavior at long-range distances. Thus, they
should present no limitations for dynamics studies.

Financial support from the "Instituto Nacional de Investigagao
Cientifica" (INIC), Lisboa, Portugal, is gratefully acknowledged.

[1] A.J.C. Varandas, Molec. Phys., 53(1984)1303.
[2] J.N. murrell, S. Carter, S. Farantos, P. Huxley, and A.J.C. Varandas,

Molecular Potential Energy Functions, (Wiley, 1984).
[3] A.J.C. Varandas, J. Mol. Struct. (THEOCHEII), in press.
[4] C. Douketis, J.M. Hutson, B.J. Orr, and G. Scoles, Molec. Phys.,

52(1984) 763.

[51 K.T. Tang, and J.P. Toennies, J. Chem. Phys., 76(1982)2524.
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THE Cs(7P) H + CsH H REACTION

R. Vetter, G. Rahmat, 3. Verg&s

Laboratoire Airn Cotton - CNRS II - Bdtimnent 505 - Campus d'Orsay
F-91405 Orsay Cedex - France

and

X. Gadea. 1.P. Nialrieu, \M. P6lissier, F. Spiegelmnann

Laboratoire de Physique Quantique - Universit6 Paul Sabatier
F-31062 Toulouse Cedex - France

[ The reaction of cesium atoms with hydrogen is known to be highly endo-

ergic (AH 2,7 eV) ; however, by excitation of Cs towards the 7P state, one

is able to promote the reaction, although the potential energy which is available

aboxe threshold is drastically small, 0.024 eV for Cs(7P 31 2 ) and 0.0016 eV for

*Cs(7P 1 1 2

A supersonic crossed-beam experiment has been built, with laser excita-

tion of Cs atoms and laser detection of CsH molecules ; experimental results

are as follows

- the reaction proceeds after a unique collision between Cs and H2 has taken

place

- the 7P level is roughly 10 times more reactive than the 7P3 / 2 one
1123/

- the rotational distribution of products in the v" 0 level of the X - state

of CsH does not depart significantly from the statistical "prior" distribution of

Levine and bernstein ; all the relative kinetic energy which is available can be

converted into rotation

there is a strong influence of laser polarization upon reactivity.

Sone of these results can be explained by consideration of the potential

energ surfaces in a (ollinear approa(:h of the collisions. The suggested harpooning

rMecIhansIIl of reaction would lead to formation oh a miolecular switterion, Cs H -.

...
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Classical and Semiclassical Theory of Fermi Resonance Between

Stretching and Bending Modes in Polyatomic Molecules

Gregory A. VOTH and R. A. MARCUS

Arthur Amos Noyes Laboratory of Chemical Physics

California Institute of Technology, Pasadena, California 91125

Classical and semiclassical methods are used to treat the nonlinear

interaction of a Morse with a harmonic oscillator. This system serves as a

model for the interaction of an excited stretching mode with a bending mode

in an isolated polyatomic molecule. The expected trends in energy flow out

of the excited stretching vibration are discussed using a classical

resonance Hamiltonian while the semiclassical analysis provides information

about the resonant zero-order state couplings.
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THEORETICAL STUI)IES OF TILE REACTION OF ATOMIC OXYGEN (3 P)

WITH ACETYLENE*

Albert F. Wagner and Lawrence 13. Ilarding

Theoretical Chemistry (,roup
Chemistry Division

Argonne National Laboratory
Argonne, Illinois 60439

b irtitio, configuration interaction (Rill F 1 *2) calculations iuing i polarized double
zeta basis set will be reoorted on the transition states and intermediates of the
reactions,

O(31P) + FICCII - O11((11* (1)

OHCCII* I- I+[UC'O (2)

OJCCI* -* OCCiI 2 -+ C11 9 +CO (3)

Addition, (M), is found to proceed on two surfaces 3A" and 3A' with a difference in
barriers of approximately 3 kcal/mole (3 A" being lower). The A" adduct is pre-
dicted to have nearly equal barriers to hydrogen atom dissociation, (2), and hydro-
gen atom migration, (3), both being approximately 8 kcal/mole below the entrance
channel barrier. The hydrogen migration transition state is found to be very highly
nonplanar.

Since the cnlculations predict the exit channel barriers to be much lower than the
entrance channel harrier, all of the OIl('CIi* formed is expected to lead to prod-
tiets via reactions (2) and (3), none should dissociate to reactants, (-I). Thus the
total rate of reaction should be equal to the rate of addition, (I). Transition state
theory caIlculations employing the ab initio geometries, frequencies and an adjusted

2 barrier to addition of 2 keal/mole lead to good agreement with numerous experi-
mental measurements of the total rate of reaction up to 600 K. Above 1500 K,
laohr N Roth have reported separate measurements of both oxygen loss, to obtain a
total rate constant, and hydrogen gain, to obtain a rate constant for reaction (2).
Comparison between theory and experiment suggests that the measured total rate
constant is too high and should in fact be about equal to the measured value of the
rate for hydrogen production.

RRKV calctlations on the branching ratio for product formation, its temperature
dependence, and the lifetime of OlC(,ll* will also he reported. These results will
be compared with available thermal and molecular beam measurements.

•* ork performed under the auspices of the Office of asic Energy Sciences,
O)Ivision of ('he 'nivcal Sci ence% U . S. )epartment of E nergv, under ('ontrat W-3I-
I I(-EN ;-3R.
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ABSTRACT

FOR

1985 CONFERENCE ON THE DYNAMICS OF MOLECULAR COLLISIONS

Chemiluminescence of the H+ + F- ---- HF;BIE Reaction

Hunq-tal Wang and Denis J. Bogan, Chemistry Div., Code

6180, Naval Research Laboratory, Washington D. C., 20375

The H+ + F ion-ion recombination reaction populates the
HF;BlE state, which has an attractive potential -,irve
that is free from any crossing with other states. The
resultant chemiluminescence can be attributed only to the
HF; XlE 4---- BIE transitions. Results obtained from a
fast-flow reactor with flow rate of -80 m/sec and -1 torr
pressure will be presented and discussed. The chemical
kinetics is complicated by two competing reactions. The
H + + F ---- H(n=2) + F( 2P3 /2 ) neutralization reaction is
thermally neutral to within 0.07 kcal/mole. This
translates into a electron-transfer occuring at an
internuclear distance of -4800 A. When the hydrogen atom
is in the 2p state, this reaction can be monitored via
the Lyman- line emission. But, the X=0 channel leads to
the H(2s) metastable state whose detection presents
problems. The other competing reaction of HI + F ----
HF(BIE;v') populates v1<33 levels and their emission
interferes with the main reaction. The presence of the
H ion in the H+ ion source necessitates the inclusion
of this three-atom exchange ion-ion recombination
reaction into consideration.
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Abstract for contributed poster paper, at the 1985 Conference

on the Dynamics of Molecular Collisions

.Statistical reaction rate theor'y -for transition stattes of any loosenes

Application to methyl radical recombination.

David M. Wardlaw

Department of Chemistry
Queen's University

Kingston, Canada K7L 3N6

Thermal high pressure recombination rate constants for

2 CH3  .. > CH 6

nave been calculated using a statistical model developed earlier to describe

riuiotion rates for systems having transition states of any looseness.

Noteworthy features are the separation of "transitional" and "conserved" degrees

V] of freedom in going from reactants to products, the accurate (classical)

trtatment of these transitional modes, and the use of a physically reasonable

full potential energy surface for the transitional modes. The transition state

[. c:, tion was determined variationally for each pair of (E,J) values and the

resilting fluxes were then averaged over the appropriate distributions in E and

J 3. jv.-r the temperature range 300 0 -20000K our results reproduce the

St.xperiment.ally dterminfd temperature dtpendence of the recombination rate

,rit. nt. , i r cuWrt.r'd3L to a numtfbr of' dit'ferunt. statistical models.

D.M. Wardlaw and R.A. Marcus, Chem. Phys. L(:tt. 110, 230 (198 .,

D.B. Olson and W.C. Gardiner, J. Phys. Chem. 83, 922 (1979).
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ENERGY DISPOSAL IN REACTIONS OF F ATOMS WITH NH3 , N2 H4, HN3 AND

H ATOMS WITH CIOf*

S. Wategaonkar, 1). W. Setser and .I. Habdas
Department of Chemistry

Kansas State University
Manhattan, Kansas 66506

Flowing-afterglow IR chemiluminescence studies of F atom reactions

with NH3' N H4 and HN are reported. The Nil reaction has been the

subject of repeated sudies by both arrested relaxation IR chemilumi-

nescence techniques and contradictory results have been reported.
Previously, we have reported that this reaction takes place by direct

ahstracion mechanism with inverted HF(v) populations whereas Donaldson

et. al. favor a non-inverted HF(v) distribution from arrested relaxa-

tion measurements. The F + ammonia reaction is one of the reactions

in which the product distribution data from two methods do not agree.

The major difficulty in obtaining the primary HF(v) distribution is the

vibr'ational relaxation by the parent molecule, as well as the contri-

bution to HF(v) formation from the fast F atom + radical fragment sec-

ondarv reaction. In the present experiments the HF(v) distributions
were studied as a function of F atom and RH concentrations to eliminate

(or indentify) the consequences of relaxation and secondary reactions.
The possible effect of F atom precursor was also studied by using SF

and CF, as the F atom sources. The primary HF(v) distributions from 6-
4

NH3, N2 H, and HN3 reactions will be discussed. The secondary reactions
aiso wil be considered, but not at state-to-state level.

The H atom reactions with Cl 0 and C102 were studied by IR chemi-

luminescence (flowing-afterglow technique in order to investigate the

secondary reaction H + CIO. The branching of the product channel into
both OH and HC1 has been observed, the latter being favored over the

former. These results are also reported and discussed at the state-to-

state level.

References:
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TRANSIENT CARS STUDIES OF AZOALKANE PHOTODISSOCIATION

R. B. Weisman, J. S. Adams, K. A. Burton, P. S. Engel, P. L. Holt, and
K. E. McCurdy

Department of Chemistry, Rice University, Houston, TX 77251

A topic of long-standing interest in physical organic chemistry is
the mechanism of azoalkane dissociation. Gas phase molecules in this
class, of which azomethane (CH 3-N=N-CI13) is the simplest member, form
N, and two alkyl radicals when excited by ultraviolet light. An impor-
tant unresolved question is whether the two C-N bonds break in a sequen-
tial mechanism, forming a transient diazenyl radical intermediate, or

in a synchronous process, forming all three fragments at once. We will
present results obtained with direct time-resolved vibrational spectros-
copy that give insight into the dissociation process.

1

Our experimental method uses 355 nm sample excitation followed by
prcbing with CARS spectroscopy. Excitation and probing beams are
derived from sequenced Q-switched Nd:YAC-based laser systems that pro-

L vide spectral and time resolutions of 0.3 cm-1 and 7 ns. We have

measured the appearance kinetics of fragments from azomethane at the
Q-branch Raman frequencies of the N 2 fundamental vibration-rotation
band and the recently uncovered vI band of methyl radical. 2  Both the
methyl and N 2 products were found to be formed within the instrumental
time resolution. Based on the kinetic data for N2 , we deduce an upper
limit of 2 ns on the lifetime of any methyl diazenyl intermediate in
this system.

Spectral scans at early time delays after excitation reveal the
photofragments' unrelaxed internal energy contents. The nascent N2
vibrational distribution was measured as 84% in v=O, 16% in v=l, and
<3% in v>l, corresponding to a vibrational energy content of 375 cm

- .

We view this result as consistent with the theoretical prediction of
a sequential dissociation mechanism. 3 Data will also be presented on
the unrelaxed rotational. temperature of the N2 , on anharmonically
shifted methyl v, transitions that reflect excitation in other modes,
on collisional relaxation rates of the methyl vibrational energy, and
on the results of similar experiments with an asymmetric azoalkane.

References

1. P. L. Holt, K. E. McCurdy, J. S. Adams, K. A. Burton, R. B.
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The State Selective Reaction Dynamics of Electronically Excited Sodium Atoms
with Hydrogen Chloride and Molecular Oxygen

P. S. Weiss, J. M. Mestdagh, M. H. Covinsky, H. Schmidt, and Y. T. Lee

Materials and Molecular Research Division
Lawrence Berkeley Laboratory

Berkeley, CA 94720

The endothermic reactions:
32S ,P 33242 5  ,52 ,

Na(3 /2 32' 4 + HC(X 5+ ) * NaCl + H AH=5.6 kcal/mole

Na(3 2 SI12,3 2P312,4 2D5/2, 52SI2) + 02 (X
3;g) 9 NaO + 0 AH=58. kcal/mole

have been studied in a crossed molecular beams apparatus.

In the reaction of Na with HCl, the reactive cross section increased

substantially with electronic energy. The Na(4D) and Na(5S) states produced

NaCl with less translation energy release than the NaCi produced from the

Na(3P) state. This is explained by an examination of the neutral and ionic

potential surfaces with the conclusion that more than 2 eV was deposited

into NaC, vibration.

In the reaction of Na with 0?, the Na(5S) and Na(3P) states did not

produce NaO at collision energies up to 18 kcal/mole, even though

energetically allowed to do so. The Na(4D) state produced NaO + 0 at

center of mass collision energies higher than 16 kcal/mole, but not at 7

kcal/mole. The Nao produced was predominantly backwards scattered relative

to the incoming sodium atoms in the center of mass frame of reference,

implying that collinear and near collinear approach geometries are favored,

and that the reaction proceeds directly with no collision complex

formation. The NaO + 0 produced were very highly internally excited

(>2 eV), and it is likely that 0(1D) atoms were produced.

....................................................................
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Gas Phase Organometallic Ion Chemistry and Spectroscopy

Professor James C. Weisshaar

Department of Chemistry

University of Wisconsin-Madison

Abstract

Gas phase metal cations M are created in 1 torr of He in a fast flow

reactor by focussing 308 nm excimer laser pulses onto a rotating metal

disk. Subsequent M+ ion-molecule reactions with small partial pressures

L. of neutral reagents can be followed with a mass spectrometer. Our initial

work involves reactions of Ti+ and Fe with the small alkanes CH4 ,9

C it and C H An interesting feature is the observation of collisionally

2 6 3 8

j stabilized reaction intermediates. For example, the first step of the

Fe + C H reaction branches between FeC H + CH elimination products
3 8 2 4 4

+
and adduct ions of stoichiometry FeC3 H 8. We will describe inferences

38a

about reaction mechanisms drawn from our kinetics measurements. In

addition, we hope to discuss the spectroscopy and photochemistry of

the stabilized reaction intermediates as well as the effect of electronic

excitation of the metal ion on the reactivity.

-1

...... ~.... .. - --,,,tn ..,, 9 - . d idd,,.,.l d . . . . . ..... .. . . . .



MEASUREMENT OF THE TEMPERATURE DEPENDENCE OF THE RATE CONSTANT

FOR THE REACTION D + H2 (v = 1) -- * HD (v =0,1) + H

U. Welithausen

Max-Planck-lnstitut fir Strbomungsforschung, G6ttingen, FRG

J. Wolfrum

Physikalisch-Chernisches Institut der Universitdt, Heidelberg, FRG

As the simplest case of a bimolecular reaction of neutral species, even today the H3 -

system serves as a model for the development of methods for a detailed theoretical

description of chemical reactions. We have measured the temperature dependence

of the reaction of D-atoms with vibrationally excited H2 in a discharge flow system

(235 K < T < 365 K). D atoms as well as vibrationally excited H2-molecules were

produced by microwave discharges. The D-atoms were detected by L k- atom resonance

absorption. Vibrationally excited hydrogen was detected by two different methods; ,

Coherent Antistokes Raman Scattering (CARS) in one case, and collision induced HF-

infrared fluorescence in the other.

Although the energy of only one vibrational quantum of the hydrogen molecule should

be enough to surmount the barrier of the ground state reaction, a distinct activation

energy, even for the reaction with vibrationally excited hydrogen was observed. Sim-

ple energy considerations suggest, that only one third of the vibrational energy can be

used to surmount the barrier of the reaction.

The comparison of our results with theoretical predictions shows a qualitative agree-

ment between theory and experiment regarding the activation energy of the reaction
with H2 (v = 1). On the other hand there are still big differences between theory and

experiment regarding the absolute value of the rate constants.



TORSIONAL VIBRATIONS IN BIARYLS
D. W. Werst, P. F. Barbara, W. R. Gentry
Chemistry Dept., University of Minnesota, Minneapolis, MN 55455

Effective torsional potentials of the form V =- Vn(l-cos nt) have been
2 n

determined for a variety of biaryl molecules (e.g. 9-phenylanthracene) by
simulating torsional vibrational energy level spacings measured from jet-cooled
LIF spectra. The shape of the torsional potential and the equilibrium value of the
torsional angle depend on steric interactions and resonance effects within the
molecule. The geometries of the ground and excited states relative to each other
are confirmed by comparison of calculated Franck-Condon factors with the observed
intensities of the torsional progressions.
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The dynamics of OH production in the reactions of O(3P) with organic molecules

N.J. Dutton, I.W. Fletcher and J.C. Whitehead,

Creristry Department, Manchester U;,iversity, March. ster, 11,13 9PL, U.K.

!he hydrogen atom abstraction reicticis of O(3 P) with ethanol and benzene

have been studied in crossed-molecular beam experiments with laser flucrescence

detection of the OH product. These are compared with other H atom abstraction

reactions.

In O(3 P) + ethanol, there are two possible sites for abstraction: the ethyl
-1)

or hydroxyl protons. At the energy of the experiment (Etran s = 30 kJ mol 1

a branching ratio of o(OH)/o(C 2H5) 2.2 was found. The amount of OH

rotational excitation is low (<FR> % 4%) and indicates that the dynamics

are direct and that a collinear approach of the oxygen atom to the bond under

attack is favoured. Vibrationally excited OH in v = 1 is produced (d(v = 1)/

o(v = 0) = 0.22) and can only be formed by abstraction from an ethyl proton.

The endoergic production of OH(v = 0) in the reaction O(3 P) + berzene

has been studied at enhanced collision energies (69 kJ mol-). Again there

is a low degree of OH rotational excitation indicating a collinear 0-4-C

transition state. A non-statistical population of the OH lambda doublet

states is observed and this is rationalised in terms of a preferred orientation

of the singly occupied r orbital on the OH with respect to the plane of the

benzene molecule at the point at which the reaction products separate.

IL'
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PHOTOLYSIS OF ACETYLENE AT 193.3 NM IN A MOLECULAR BEAM

A. M. Wodtke and Y. T. Lee

i Materials and Molecular Research Division,
Lawrence Berkeley Laboratory and

Department of Chemistry, University of California
Berkeley, California 94720 USA

The photolysis of acetylene at 193.3 nm has been observed in a mole-

cular beam. The collision free processes observed at fluences as low as

1026 photons cm-  sec -  are I and II.

C2H 193 nm H + H
2 2 2

193 nmCH- C2 + H II

The translational energy distribution for I peaks at about 6 kcal/mole and

has a maximum release of translational energy of 16 * 2 kcal/mole giving a

* C-H bond energy for ground state acetylene of 132 * 2 kcal/mole. The

bending frequency in C2H is shown to be 550 ± 100 cm and is strongly

excited in the photolysis. The translational energy distribution for

process II also peaks away from zero and is consistent with formation of

1 1 + 3C2( i F. The experiment suggests the need for ab initio

* calculations on the I'A" surface of acetylene.

This work was sponsored by the Office of Naval Research under Contract

*N00014-83-K-0069.
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ANGULAR, VELOCITY, AND EXCITED STATE
nISTrIHl'TIONS )F SPUTTERED ATOMS* _

r. F. Young, M. J. Pellin, W. F. Calaway, and D. M. Gruen

The population of excited levels of sputtered atoms is expected to depend
-trongly on their component of velocity normal to the surface of origin; thus,
angular, velocity, and excited state distributions are interdependent. For
exariple, the probability for a sputtered atom to escape a surface in an elec-
tronically excited state should be enhanced at high velocity and at a direc-
tion alonq the surface normal.

r, scanning, narrowband laser system [1] provides the means for measuring,

wit' hiqh resolution (6v < 100 m/s), velocity spectra of atoms sputtered in a
s )eci'ic quantum state. The bombarding ion beam is maintained at a fixed,
near-norial angle of incidence (140). Ejected atoms are monitored only over a
narrow (4) angular range, at an angle to the surface normal that varies from
23 to 9n degrees. The strongest effect on excitation and velocity spectra is
expected for the latter case, i.e., directions of ejection such that departing
ato:mi grazes the surface.

Fluorescence detection techniques were used in measurements on pure Fe

sp.uttered in low excitation states by 3-keV Ar+ . Early results with the
apparatus included a study of the effect of the angle of ejection on the pro-
duction of excitation in sputtered atoms. Population in the J=O and J=4 con-
ponerts of the a5Dj ground electronic configuration were monitored by broad-
band !aser excitation for ejection angles between 24' and 900 to the surface
nor-ial. Oopulation (atomic density) in the J=4 ground state was observed to
he essentially independent of ejection angle over the entire range covered,
while the J=0 excited state at 978 cm-1 exhibited significant reduction as the
9 0') eie:tion direction was approached. De-excitation of J=O atoms which spend
a relatively long time near the surface is thus indicated. A corresponding
depletion of the low velocity region is thus expected in velocity resolved
population studies at a fixed ejection angle. These experiments are currently
in progress.

Work performed under the auspices of the Office of Basic Energy
Sciences, Division of Materials Sciences, U.S. Department of Energy.

FI] C. E. Younq, r). M. Gruen, ;1. J. Pellin, and W. F. Calaway, Fusion
Teh,echnolofly 6, 434 (19R4).1i- -
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Chemical reactions on a Pt(111) surface

G.D. Billing
Department of Chemistry
Panum Institute
University of Copenhagen
DK-2200 Denmark

By using a semiclassical model for atom/molecule surface

scattering has it been possible to study the reations

C + 0 - CO and CO + 0 - CO 2 catalyzed by a Pt(111) surface.

The model includes interaction with the surface phonons

through a time and temperature dependent interaction poten-

tial. Reaction probabilities and final state distributions

are obtained as a function of initial kinetic energy, approach

angle, surface temperature and initial internal state. Adsorp-

tion probabilities and information upon phonon excitation

may also be obtained.

References
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Semiclassical calculation of the reaction probability for
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